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I.Introduction
1.Purpose of the manual. The water works operators of
the State of Oregon have shown by their repeated attendance at
short courses and conferences that they have a desire to learn more
about their field. They are justly proud of their profession and want
to increase their technical knowledge and raise their professional
standards.it is hoped that this manual will help in achieving their
goal.
The secondary purpose of the manual is to give the operators a
text to study in preparation for their proposed voluntary certification
program.
2.Scope of the manual. The subjects covered in the manual
are basic sciences, water sources, transmission, (hstribution, and
purification.
A question and answer style was agreed upon because it was
felt that a long narrative style would he more difficult to read and
that the manual should answer only questions that the operator might
encounter in his work. It would he impossible in a pamphlet of this
size to include all questions pertinent to tile water works profession.
lot those \Vho (lesi re more detaied answers, a bibliography has been
included at the endoftile manual.
The manual is (livided into four sectionsGrade 1 iT, Grade ii,
Grade I, and Pun flcationto con form with operator grade (iesigna-
tions proposed by the American Water Works Association Advisory
Committee on \Vater Supply to the Oregon State Board of 1-Icaith.
itis understood that Grade I aspirants know the answers to
questions of Grades ii and ill, and Grade it aspirants know all
questions of Grade ITT.Those desiring the Purification certificate
must know questions under that section and the Grade III questions.8 ENGINEERING EXPERIMENT STATION CIRCULAR 16
II. Outline of the Text Content
Operator grade requirements. A voluntary certification pro-
gram has been proposed by the State American Water Works As-
sociation Advisory Committee on Water Supply to the State Board
of Health with four types of certificates as follows
(a) PURIFICATION. For operators and water superintendents
in responsible charge of water purification plants in which coagula-
tion, filtration, and/or softening are used.
Qualifications
Experience.Five years of responsible and satisfactory experi-
ence in operation of the type of plant for which certificate is issued.
Each year of completion of a college course in engineering, chemistry,
or allied science shall be credited as a year of experience, provided
that the completion of college courses shall not be credited for more
than four years of experience except at the discretion of the examin-
ing board. Experience and proficiency in other allied fields of en-
deavor to be given proportional credit according to the judgment of
the examining board. Credit to be allowed should be determined in
general and announced by the examining board.
Special training.Successful completion of 80 hours of training
at water works operators short schools or water works conferences
or Association meetings (American Water Works Association).
(One conference to count as 4 hours unless otherwise specified; one
Association meeting to count as 8 hours, provided, however, that at
least 60 hours of training credit shall be taken at formal short
schools.) Credit for formal short schools shall be based on the actual
number of hours of short school attendance. At the present time,
short school credits will be 30 hours. If the schools are held for five
days, the credit will be 40 hours.
(b) GRADE I. For water superintendents in responsible charge
of water systems serving populations of approximately 3,500 or
more.
Qualifications
Experience.Five years of responsible and satisfactory experi-
ence in operation of the type of plant for which certificate is issued.
Each year of completion of a college course in engineering, chemistry,
or allied science shall be credited as a year of experience except at
the discretion of the examining board. Experience and proficiency
in other allied fields of endeavor to be given proportional credit ac-
cording to the judgment of the examining board. Credit to be allowed
should be determined in general and announced by the examining
l)Oard.WATER WORKS OPERATORS' MANUAL 9
Special trai.oing.Successful completion of 80 hours of train-
ing at water works operators short schools or water works confer-
ences or Association meetings. (One conference to count as 4 hours
unless otherwise specified; one Association meeting to count as 8
hours, provided, however, that at least 60 hours of training credit
shall be taken at formal short schools.)Credit for formal short
schools shall be based on the actual number of hours of short school
attendance.At the present time short school credits will be 30
hours.If the schools are held for five (lays, the credit will be 40
hours.
(c) GRADE 11.For water superintendents in responsible charge
of water systems serving populations of approximately 3,500 or
less or for assistant superintendents of systems serving approximate-
lv 3,500 or more population.
Qualifications
Experience.Two years.
Special training.Successful completion of 40 hours of train-
ing at water works operators short school or participation in water
works conferences or Association meetings, provided, however, that
at least 30 hours of training credit shall be obtained at a formal water
works short school.
(d) GaAD1III.For foremen in responsible charge of work
crews.
Qualifications
Experience.Two years.
Special training.Successful completion of 40 hours of training
at water works operators short school or participation in water works
conferences or Association meetings, provided, however, that at least
30 hours of training credit shall be obtained at a formal water works
short school.
III. Questions and Answers for Water
Works Operators1Grade III
MATHEMATICS REVIEW, ARITHMETIC
1. What s'vstenis of measurement are used in the water works
field;'
The English and metric systems are used. The following table
shows the basic units of the two systems.10 ENGINEERING EXPERIMENT STATION CIRCULAR 16
English
12 inches (in.) = 1 foot (ft)
3 feet (ft) = 1 yard (yd)
5280 feet = 1 statute mile (mi)
144 square inches (sq in.)1 square foot (sq ft)
9 square feet (sq ft)=1 square yard (sq yd)
43,560 square feet=1 acre (acre)
1728 cubic inches (cu in.)=1 cubic foot (cu ft)
27 cubic feet1 cubic yard (cu yd)
7000 grains (gr)=1 pound (Ib)
16 ounces (oz)=1 pound (ib)
2000 pounds=1 ton (ton)
2 pints (pt)=1 US quart (qt)
4 quarts=1 US gallon (gal)
1 US gallon=231 cubic inches
Temperature in degreesFahrenheitF
Metric
10 millimeters (mm) = 1 centimeter (cm)
100 centimeters1 meter (iii)
100 meters1 kilometer (km)
10,000 square centimeters (cm2) = 1 square meter (me)
1,000,000 cubic centimeters (cc)1 cubic meter (m')
1000 milligrams (mg) = 1 gram (gm)
1000 cubic centimeters = 1 liter (1)
Temperature in degrees CelsiusC (Centigrade)
2. Define the terms ppm, gpg, mgd, cfs, and show sonic conversion
factors in common use in water treatment plants.
(a)ppmparts per millionpounds of dissolved or suspended
material per million pounds of water.1 part per million
==8.34 pounds per million gallons.
(b)gpggrains per galloni grain per gallon= 17.1 parts
per million = 143 pounds per million gallons.
(c)mgdniillion gallons per 24 hour (lay.
(d)cfscubic feet per secondquantity of flow.WATER WoRTs OPERATORS' MANIAL 11
Conversion factors.
1 inch
1 pound
1 milligram per liter
1 cubic foot
1 cubic foot of water
1 gallon of water
2.54 centimeters
453.6 grams
1 part per million
7.48 gallons
62.4 pounds
8.34 pounds
3. If the records of a water plant showed the following flows in
gallons per day: Sunday 240,000, Monday 254,000, Tuesday 250,-
000, Wednesday 225,000, Thursday 245,000, Friday 265,000, and
Saturday 242,000, what would be the values for
(a) Total flow for week in gallons?
(b) Total flow for week in million gallons?
(c) Average daily flow in mgd?
(a)240,000 1,721,0001.72 million
254,000 (b) = gallons
250,000 1,000,000
225,000
245,000
265,000
242,000
1,721,000 gallons
1,721,000
(c)Average daily flow =
7
245,900 gallons
245,900
dividing by 1 million =
1,000,000
Average daily flow0.246 mgd
4. A temperature of 68 degrees Fahrenheit is equal to what tem-
perature in degrees Celsius (Centigrade)?
32 degrees Fahrenheit (32F) is equivalent to 0 degrees Celsius
(OC) and each (legree Fahrenheit is equal to 5/9 of a degree Celsius.
Degrees Celsius = 5/9 (degrees Fahrenheit-32)
= 5/9 (68-32)
= 5/9 (36)
= 20 C12 ENGINEERING EXPERIMENT STATION CIRCULAR 16
5.What is meant by the words "per cent"?
The words "per cent" mean "by the hundred," the symbol is %.
Per cent is a name for a fraction with 100 as the denominator. It can
be expressed as15/100, 0.15, 15%,or15per cent.
If you bought a watch for $50.00 and the tax on the watch was
20%, the tax that you would pay would be (0.20) ($50.00) = $10.00.
If you bought $50.00 worth of pipe fittings at the hardware and
were entitledto a discount of 40%, the discount would be
(0.40)($50.00) =$20.00, and the actual cost of the fittings would
be$50.00$20.00 = $30.00.
If a 20 horsepower (hp) motor is found to be 85% efficient,
how much power is available from the motor?
Available horsepower = (rated horsepower) (efficiency)
= (20) (0.85)
= 17 hp
6. What is a ratio?
A ratio expresses the relation of two numbers of the same kind
to each other. The ratio of one number to another is indicated by
division. Thus, the ratio of 2 to 4 is written 2/4. Other ratios might
be 7/12, 8/16, 4/3, 18/24, etc.
For example, 1 quart is 1/4 of a gallon. The fraction 1/4 is
the ratio which can be expressed as 1/4 or 1 :4.
7. What is a proportion?
When two ratios are equal and are placed equal to each other
in an equation, the equality becomes a proportion. Problems with an
unknown quantity can be solved by use of proportions.
For example, if 3 quarts of water are needed to dilute 1 quart
of antifreeze to protect an automobile cooling system, the number
of quarts of antifreeze necessary to add to 18 quarts of water to
make the same dilution would be
Volume of antifreeze required1 quart of antifreeze
18 quarts of water 3 quarts of water
(18) (1)
Volume of antifreeze =
3
6 quarts
8. A man traveled 250 miles, partly by rail and partly by boat. If
he traveled 150 miles b' rail, (a) what distance did he travel by boat?WATER WORKS OPERATORS' MANUAL 13
(b) what is the ratioofthe distance traveled by rail to that traveled
by boat?
(a)Distance traveled by boat250-150
= 100 miles
(b)Distance by rail: distance by boat = 150:100
= 3: 2
9. A reciprocating pump making 30 strokes per minute discharges
450 gallonsofwater per minute.Ifthe speed is reduced to 28 strokes
per minute, what will be the discharge in gallons per minute?
This problem can be solved by a direct proportion.
Discharge in gallons per minute450 gallons per minute
28 strokes 30 strokes
(28) (450)
Discharge in gpm =
30
420 gallons
10. Ifa pump discharging 6 gallonsofwater per minute canfilla
tank in 20 hours, how longwillit take a pump discharging 15 gallons
per minute tofillit?
Volume1=Volume2
(Rate ofpumping1) (time1) =(Rate ofpumping2) (time2)
(15 gpm)(time1)(6gpm)(2Ohr)
6(20)
time1
15
= 8 hours
11. Twelve men can do a certain pieceofwork in 15 days. How
man dayswillbe required by 36 men to do the same work?
Number of man-days for
36 man crew = Number of man-days for
12 man crew
(36 men) (number of days)(12 men)(15 days)
(12)(15)
Number of days =
36
= 5 days for 36 men14 ENGINEERING EXPERIMENT STATION CIRCULAR 16
12. What is the pressure in pounds per square inch (psi) on a plate
1 foot square if the water surface is 50 feet above the plate?
(Weight of water per cu ft)
(height of water surface above plate)
Pressure in psi =
144 sq in. per sq ft
(W)(h) lb
Pressure (psi) = ,where W=62.4
144 Cuft
(62.4) (50)
144
= 21.6 psi
13. What is tile squarc root of 57,321.72?
The square root of a number is the quantity that can be multi-
plied by itself to equal the number. There is an arithmetic process
for finding the square root.
(a) From the decimal point 2 3 9 .4 answer
splitthe number into i5 73 21.72
pairs. 24
(b) Startingwiththe5,40 4311 73
pick the nearest even 1 29
n u m b e rwhichwill 460 4691 44 21
equal approx 5 when 42 21
multiplied by itself(2 47841 2 00 72
inthiscase).Mult 1 91 36
2X2=4 936
(c) Subtract 4 from 5 and
bring down the figures
73
(d) Multiply 2 by 20 to get a trial divisor. 40 will go into 173
about 3 times; put 3 above 73 and in place of the 0 in 40;
multiply 3X43 = 129; subtract; carry down the figures
21.
(e) Multiply 23 by 20 to get a trial divisor; 460 will go into
4421 abOut 9 times; put 9 above 21 and in place of the 0
in 460; multiply 9X469 =4221; subtract; carry down the
figures 72 and repeat the process.WATER WORKS OrriATo1s' MANUAL 15
14. If the area of a pipe is 0.785 square feet and the velocity of
flow in the pipe is 5 feet per second, what is the discharge in cfs;
in gpmP
Rate in cfs = (cross sectional area of water)
(mean velocity of water in cross section)
(feet) (feet)(feet/second)
cubic feet per second
= (area of water) (velocity of water)
Q = Av
= (0.785)(5)
= 3.93 cubic feet per second
3.93 cu ft 60 sec 7.48 gal
Rate in gpm =
sec mm cu ft
= 1764 gallons per minute
15. If a 12-inch pipe has a measured discharge of 4 cubic feet per
second, what is the velocity of flow in the pipei'
The area of a circular pipe (A) = (7r/4)(diameter)2
= 0.7854d2
The distance around a circle (circumference) is 3.1416 times
the diameter. The number 3.1416 is represented by the symbol r
(pi), and is used in computing circumferences and areas of circles.
A =(/4)(1)2
= 0.7854 sq ft
From prob 14,Q = Av
Q
V =
A
(4cuft
1
sec 0.7854 sq ft
= 5.2 ft/sec16 ENGINEERING EXPERIMENT STATION CIRCULAR 16
MATHEMATICS REVIEW, GEOMETRY
16. What is geometry?
Geometry is that branch of mathematics which investigates the
relations, properties, and measurement of solids, surfaces, lines, and
angles; the theory of space and of figures in space.
17. Define the terms: (a) intersecting lines, (b) parallel lines, (c)
perpendicular lines, (d) vertical lines, (e) horizontal lines, (f) angle,
(g) circle, (h) polygon, (i) right triangle.
(a) Intersecting lineswhen two lines
cut or cross each other, they are in-
tersecting lines.
(b) Parallel lineswhen two lines
in the same plane never inter-
sect no matter how far they are
extended, they are parallel lines.
(c) Perpendicular linestwo inter-
a secting lines ad and ef are per-
pendicular to each other when
/ any point (d) on one is equi-
distant from any two points (b ,' and c) on the other which are
e_________ \ç on opposite sides of the point of
b c intersection and at the same dis-
tance from it.
(d) Vertical linea vertical line has the direction of a plumb
line.
(e) Horizontal linea horizontal line is perpendicular to a
plumb line.
(f) Anglean angle is the difference in direction of two lines
that meet.It is usually measured in degrees (a part of the
360 degrees around a point). Perpendicular lines form an
angle of 90 degrees (90°).
(g) Circlea circle is a plane curve every point of which is
equally distant from a point within called the center.
(h) Polygona polygon is a broken line of three or more seg-
ments which forms a plane closed figure. A polygon of
three sides is called a triangle; one of four sides, a quadri-
lateral (a rectangle if all angles are 90°) ; one of five sides,WATER WORKS OPERATORS' MANUAL 17
a pentagon; one of six sides, a hexagon; an(l one of eight
sides, an octagon.
(i) Right trianglea triangle which has one right angle; that
is, two of the sides are perpendicular to each other (at an
angle of900).
18. What is the method for finding the area of a triangle if the base
and altitude are known?
B_________
/NJ
/ :\
ABAS
Area =1/2(base) (altitude)
= 1/2 bh
Example: If,in a triangular field,
the base line b was600feet and the alti-
tude h was250feet, what would be the
area of the fieldin acres?(43,560sq
ft=1 acre).
Area =1/2bh
= 1/2 (600) (250)
= 75,000sq ft
75,000
43,560
= 1.72 acres
19. What is the area in acres of a rectangular plot 300 feet long
and 250 feet wide?
The area of a rectangle = (length) (width)
= (300) (250)
= 75,000sq ft
= 1.72 acres
20.What is the area of the trapezoid shown in the figure?
The area of a trapezoid is equal to1/2 f.-500 FTI the sum of the bases times the altitude. \-
Li\i
Area =1/2 (800+500) (300)
= 1/2 (1300) (300)
8OO FT-1 = 195,000 sq ft18 ENGINEERING EXPERIMENT STATION CIRCULAR 16
MATHEMATICS REVIEW, ALGEBRA
21. What is algebra? What is its purpose?
Algebra is that branch of mathematics which treats of the rela-
tions and properties of numbers by means of letters, signs of opera-
tion, and other symbols, including solution of equations, polynomials,
continued fractions, etc.
The purpose of algebra is to give a short-hand method of ex-
pression. Words and numbers may be replaced by letters and sym-
bols to shorten and simplify work.
22. What is the reason for using letters?
tamed refer only to specific cases. For example
When numbers are used, the expressions ob-
Figure (a) shows a triangle in which the sides
8 are 6,7, and 8 feet long. The total distance
Figure (a) around,c a 11 e d the perimeter,isequalto
6+7+8=21 feet.
the perimeter, and leta,b,c represent the
Suppose we use letters instead and let P equal
lengths of the sides as in figure (b). The peri-
meter P = a + b + c. This equation is general
b and can be used for any triangle by substituting
Figure (b) known lengths for the sides a, b, and c.
23. What signs are used in algebra?
The signs used in algebra are:
(a) + plus sign for addition
(b)minus sign for subtraction
(c) X, ,(), [j,or },for multiplication
(d)H-,orfor division
(e) = equal sign for an equality
(f)
2, for a power, and '/ or (')for a
root.
24. What is an exponent?
A product in which all of the factors are equal is called the
power of one of the factors, thus (a) (a) (a) is written (a)3. The
number 3 indicates the number of times a is multiplied by itself and
is called the exponent. "a" is called the base.
For example, (12)(12)(12)=12=1728. 12 is the base and
3 is the exponent. (2) (2) (2) (2) (2) =2=32. 2 is the base and
5 is the exponent.WATER WORKS OrE!ATo1s' MANUAL 19
25. What are the laws of exponents?
(a) ama = a(mFadd exponents for multiplication
For example, 2223 = 2(2+3)=25= (2)(2)(2)(2)(2) =32
y4y3 = y(4--3)
.(2*1)=
y(l/2+l/3) (3/6+2/6) y516
x1°5/6x1°5° = x
(b) am/an = a(m_subtract exponents for division
For example, 23/22 = 2(32) = 21 = 2
x°/x2 = x°2 =
y(lO-_3)
(c) (am) = a'multiply exponents to raise to a power
For example, (2) = 2(23)=26=(2)(2)(2)(2)(2)(2) =64
(x3)° = x3"° _x15
(x2) 2x2 (2) = x4 = (x) (x) (x) (x)
(d)
/aTh==am/71
For example, /2° = 2 6/3 = 22 = (2) (2) = 4
x4=x4=x2(x) (x)
(e) Any number to the zero power is equal to one.
For example, 2° = = 2x1/2x 1
xO 1
26. rI man who is paying $60 a month for rent decides to buy a
house instead.If the total expenses connected with the house arc
assumed to be $100 per 'tear and he wants to pay for the house in
fifteen years out of the amount he would otherwise pay for rent,
what is the cost of the house he could afford to buyP
Let x equal the initial cost of the house in dollars
The upkeep in 15 years is (15)(100) =$1500
The rent in 15 years would be (15)(60)(12)r=$10,800
Since the sum of the cost of the house and the upkeep is to be
equal to the rent, the conditions are represented by the equation
x + 1500 = 10,800
Transposing termsz = 10,800-1500
= $9,30020 ENGINEERING EXPERIMENT STATION CIRCULAR 16
27. A water pipe canfilla swimming pool 100 x 50 x 6 feet in 30
hours. How mans' hours will be required tofilla pool 90 x 60 x 10
feet?
Let x equal the time to fill the second pool
x90X60X10
30100X50X 6
30(54,000)
(30,000)
= 54 hours
MATHEMATICS REVIEW, TRIGONOMETRY
28. What is trigonometr,'?
Trigonometry may be defined as that branch of mathematics that
deals with the relations between the angles and the sides of a triangle
and with the application of these relations in the solution of triangles.
Trigonometry is three separate words: tnthree; gonosides;
metrymeasurement; and literally means measurement of three
sides
29. What are the six parts of a triangle?
In any triangle there
B are 6 parts-3 sides
and t h r e e angles.
When 3partsare
ANGLEA/<"")
known (provided at
least one of them is
ANGLE Ca side), the other 3
A SIDEb C parts can be calcu-
lated.
30. How are angles measured?
Angles are usually measured in degrees
(°). There are 360° in a full circle and
90° in a quadrant or 1/4 circle.WATER WORKS OPERATORS' MANUAL 21
31.How arc angles used in trigonometric cmnputations
Functions of the angles are used for the computations
B
HYPOTENUSE C OPPOSITE SIDEa
A
ANGLE900
ADJACENT SIDEb
Sine of angle A,
opposite side a
hypotenuse C
Cosine of angle A,
=adjacent side 1?
hypotenuse c
Tangent of angle A, tan A
opposite side a
adjacent side b
These functions are constant for the particular angle, so the
relationships may be used for computing other parts of the triangle.
Tables of sines, cosines, and tangents are available in mathe-
matics books for finding the values of the ftinctions of each angle
from 0° to90°.
PHYSICS
32.What are the basic quantities of physics'
The three basic quantities for the study of physics are length,
time, and mass.Force is usually considered a basic quantity in
elementary physics.Temperature and electrical permeability may
also be classed as basic quantities.
(a) Length (distance between two points) is expressed as the
number of times a unit of length subdivides the distance in question.
(1) The metric standard is the meter(39.37inches), (2) the English
standard is the yard(36inches).
(b) Time is a measure of duration. It is expressed in terms of
mean solar seconds. A mean solar second is1/86,400of a mean solar
day.
(c) Mass is a measure of inertia which is understood to be a
property of matter by virtue of which resistance is offered to change
of motion.(1) Metric unit of mass is the inertia of a block of22 ENGINEERING EXPERIMENT STATION CIRCULAR 16
platinum kept near Paris and called the kilogram-mass, said to be
1000 grams.(2) English unit of mass is the inertia of a block of
platinum kept in London and called the pound. One pound-mass is
equivalent to about 454 grams.
(d) Force in elementary physics may be defined as a push or
a pull which tends to produce change of motion (force of gravity
which iscalled weight).Engineers adopt as units of force the
weights of the units of mass at standard locations, and designate
them by pound weight and kilogram weight.. In such usage force
displaces mass as a basic quantity.
(e) Temperature is the condition at a point that determines
whether heat flows toward or away from the point.
(f) Electrical permeability is the property of a medium that
causes it to change the value of the magnetic field. The permeability
of a vacuum has arbitrarily been set equal to unity.
33. What are forces and how do theyact.2
A force is a push or a pull which tends to produce motion. It
can act directly on a body by contact or appear to act at a distance.
The two forces most commonly encountered are weight (the force
of gravity) and friction (the tangential force between two contact
surfaces).Forces which have a magnitude only are called scalar
quantities, and forces which have both direction and magnitude are
called vector quantities. A force which has a perpendicular lever arm
from a point causes a torque or moment about the point.
34. What are the x and v components of a vector of magnitude 100
units making an angle of 30° with the x-azisP
The dotted lines represent the .r and y components of the force.
sin 30° = y/100
y (lOO)(sin300)
(100) (0.5)
50 units
x(100) (cos 30°)
=(100) (0.866)
= 86.6 units
35. What is the coefficient of static friction
The friction force (F) is a tangential force between two con-
tact surfaces.It is proportional to the normal (perpendicular) force
(N) pressing the surfaces together and the nature (f) of the surfaces.WATER WORKS OPERATORS' MANUAL 23
4
i F=fN
f = F/N where f is the coefficient
F of static friction
36. What are the conditions necessary for a body to be in equi-
librium (stable) P
(a) The algebraic (+ and -) sum of all forces in the x plane
must be equal to zero. Fa.0.
(b) The algebraic sum of all forces in theplane must equal
zero.Fg=O.
(c) The algebraic sum of all moments about any point on the
body must equal zero Ma0.
37. When his truck mircd in a inudhole, a man fastened one end
of a 50-foot rope to a tree and the other end to the truck. He grasped
the center of the rope and walked to the side 4 feet, exerting a pull
of 120 lb. How much did the rope pull on the truck?
I,
L2OLB
5OFT
Let x = the pull on the truck
x 601b
25ft4ft
(60) (25)
x =
4
= 375 pounds pull on the truck
CHEMISTRY
38. What are the three states of matter?
(a) Solid.Solids are rigid and have definite form.
(b) Liquid.Liquids flow and will assume the shape of the
vessel in which they are stored.
(c) Gas. Gases diffuse and fill any container in which they are
placed.
39. Definetheterms atom, molecule,element, compound, and
mixture.
(a) Atoms were considered the smallest indivisible particles of
matter until the cyclotron was used to break them up. They are com-24 ENGINEERING EXPERIMENT STATION CIRCULAR 16
posed of units of electrical energy: electron.s, infinitesimal negative
charges; protons,positively charged units; neutrons, uncharged
bundles of energy; and positrons, which are as small as electrons
but are positively charged.
(b) A molecule is the unit of a substance possessing the prop-
erties of a mass of the substance.It is composed of two or more
atoms.
(c) An element is a substance that has not yet been chemically
decomposed to give two or more simpler substances.Its properties
give it a definite place in the periodic table.
(d) A compound is a substance composed of two or more ele-
ments chemically combined in definite proportions by weight. A
compound is homogeneous: that is, the combined elements can be
separated only by chemical means, and the energy stored within the
compound is not equal to the sum of the energies possessed by the
uncombined elements.
(e) A mixture is a body made up of two or more substances
which retain their own properties. It is heterogeneous, the composi-
tion isvariable, the substances may be separated by mechanical
means, and each part has the same energy it had prior to mixing.
40. How are the basic elements classified?
There are 92 basic elements that are numbered according to
their atomic weights (the mass of an atom of oxygen, which by
definition equals 16.000). Each element is identified by a symbol
which is usually an abbreviation of the Latin name of the element.
A few of the more common elements and their symbols, atomic
numbers, and atomic weights are:
Name Symbol
Atomic
number
Atomic
weight
Hydrogen H 1 1.008
Helium He 2 4.003
Carbon C 6 12.010
Nitrogen N 7 14.008
Oxygen 0 8 16.000
Fluorine F 9 19.00
Sodium Na 11 22.997
Magnesium Mg 12 24.32
Aluminum Al 13 26.97
Sulfur S 16 32.066
Chlorine Cl 17 35.457
Zinc Zn 30 65.38
Silver------------------------------------------- Ag 47 107.880
Iodine------------------------------------------- I 53 __126.92
A complete table of the International Atomic Weights for 1947
is included in the Appendix.WATER WORKS OPERATORS' MANUAL 25
41. How are chemical changes usually classified?
(a) Chemical combination.Elements or compounds combine
to form more complex substances.
2H2 + 02 2H20
Fe+S2 FeS2
(b) Decomposition. Substances are broken down into simpler
units.
2Ag20 4Ag +02
heat
(c) Displacement. An element or a radical (SO4, NH4,CO3,
etc) takes the place of another element in a compound.
Cu SO4+Zn Zn SO4+ Cu
(d) Double decomposition. Two substances react to form two
new substances.
AgNO3+ Na Cl Ag Cl + NaNO3
42. What kinds of solutions are there?
(a) Dilute solutions contain only a small proportion of solute
(dissolved material).
(b) Concentrated solutions contain a relatively large proportion
of solute.
(c) In a saturated solution the molecules of the solute in solu-
tion are in equilibrium with undissolved molecules. If a salt solution
is saturated, a pinch of salt added to the solution would not dissolve.
(d) Supersaturated solutions have more solute than can nor-
mally be present at the same temperature and pressure.
43. What are the common methods of expressing concentration of
solutions?
(a) Weight of solute per unit volume of solution
(b) Percentage composition (the weight of solute in 100 grams
of solution)
(c) Molar solution containing one mole(the molecular or
formula weight in grams) of solute in one liter of solution
(d) Normal solution containing one equivalent weight of the
solute in a liter of solution
(e) Standard solution having a known composition
(f) Molal solution containing one mole of solute in 1000 grams
of water26 ENGINEERING EXPERIMENT STATION CIRCULAR 16
44. What is the molecular weight ofK2Cr2O7if the atomic weight
of potassium (K) is 39.1, chromium (Cr) is 52.0, and oxygen (0)
is 16.0?
One molecule ofK2Cr207has 2 atoms of K, 8 atoms of Cr,
and 7 atoms of 0. The sum of their weights would be:
2K = 2X39.1= 78.2
2Cr = 2>< 52.0 = 104.0
70=7X16 =112.0
= 294.2 molecular weight
45. What is the percentage composition of sulfuric acid if the
atomic weight of hydrogen is 1, sulfur is 32, and oxygen is 16?
The formula for sulfuric acid isH2SO4which has a molecular
weight of (2)(1)+(1)(32)+(4)(16) =98.
2
% of hydrogen = (100) = 2.04%
98
32
% of sulfur = (100) = 32.65%
98
64
% of oxygen = (100)65.31%
98
100.00%
46. What are the equivalent weights of HC1, HNO3, HSO,
H3PO4 NaOH, Ca(OH)2,Ca(NO3)2?
Compound Molecular
weight
Replaceable
atom or group
Equivalent
weight
HC1 36.46 1 replaceable hydrogen 36.46 gm
HNO, 63 1 replaceable hydrogen 63
H2SO4 98 2 replaceable hydrogen 49
H,PO4 98 3 replaceable hydrogen 32.66
NaOH 40 1 replaceable hydroxyl 40
Ca (OH)2 74 2 replaceable hydroxyl 37
Ca(NO3')2 164 2 replaceable NO3 or 82
- 1 replaceable Ca
47. Fifty milliliters of NaOH neutralize 150 ml of normal HC1.
What is the normality of the base?
(normality) (milliliters) = (normality) (milliliters)
(x) (50) = (1)(150)
x = 150/50
= 3NWATER WORKS OPERATORS' MANUAL 27
48.Define acid, base, salt, o.vidizing agent, reducing agent.
(a) An acid is a substance which gives up protons (H) to
another substance. Acids may be molecules, positive ions, or negative
ions. (NH3, H3O, HC1, NH4, andHSO4-.
(b) A base is a molecule or ion that will combine with a proton.
Molecules and negative ions are bases. (H2O, NH3, OH, andSO4.
(c) Salts are crystalline ionic compounds. When they are dis-
solved in water, they are good conductors of electricity because the
ions can move freely.
(d) An oxidizing agent is a substance which contains an atom
that gains electrons.
(e) A reducing agent is a substance that contains an atom that
loses electrons.
BACTERIOLOGY
49.What kinds of living organisms may be found in water?
(a) Bacteriaa large group oftypicallyone-celled micro-
organisms, chiefly parasitic or saphrophytic(living on dead or
organic matter). They exhibit three chief typical shapes: spherical
(coccus), rod-shaped (bacillus), spiral and thread-like (spirrillum).
Many bacteria are disease producing; many are active in processes
such as fermentation, the conversion of dead organic matter into
soluble food for plants, and the fixing of atmospheric nitrogen.
(b) Algaeany plant of a group comprising practically all sea
weeds, as rockweed, sea lettuce, etc, and allied fresh-water or non-
aquatic forms as pond scums, stonewarts, etc. The group comprises
theclassesCyanophyceae(theblue-green algae), Zygophyceae
(greenish in color), Chlorophvceae (green and yellow-green algae),
Phacophyceae (brown algae), and Rhodophyceae (red algae).
(c) Fungiany of a group of thallophytic plants comprising
the molds, mildews, rusts, smuts, mushrooms, etc.
(d) Planktonthe passively floating or weakly swimming ani-
mal and plant life of a body of water.
(e) Protozoaone-celled animals which reproduce by fission;
usually too small to be seen with the naked eye.
(f) Wormsusually larvae of flies that have laid their eggs
in the water.
50. What are the common water borne diseases?
(a) Typhoid feveran infectious, feverish disease caused by
the typhoid bacillus (Salmonella typhosa), introduced with food or
drink, and marked by intestinal catarrh, headache, and flatulence.28 ENGINEERING EXPERIMENT STATION CIRCULAR 16
(b) Paratyphoidan infectiousfeverishdiseasecaused by
Salmonella paraty phi A or B bacilli.
(c) Dysenterya disease attended with inflammation of the
large intestine, griping pains, constant desire to evacuate the bowels,
and the discharge of mucus and blood.
"Bacillary dysentery is caused by a rod-shaped bacillus of
the Shigella dysenteria or Skigella paradysenteria species."
"Amoebic dysentery is a type caused by the protozoan para-
site Endamoeba histolytica and is somewhat more common in
the tropics".
(d) Gastroenteritisa general term for inflammation of the lin-
ing membrane of the stomach and intestine due to various chemical,
bacterial, and viral agents.
(e) Choleraa severe and often fatal diarrheal disease found
chiefly in Asia.It is caused by the comma-shaped microorganism
Vibrio comma.
(f) Infectioushepatitis(also known as epidemic hepatitis,
epidemic jaundice, or acute catarrhal jaundice)an infectious disease
characterized by loss of appetite, nausea and vomiting, fever, liver
tenderness, and yellow skin or eyes. It is caused by a filterable virus
and may be spread through drinking water contaminated with human
excreta.It should not be confused with hemorrhagic jaundice
(Weil's disease) which is caused by a spiral-shaped microorganism
and spread by animals (especially rats).
51. About how long n'ill the "Salmonella typhosa" live in water
supplies?
The exact time varies with temperature, but in clear natural
waters they may live as long as two weeks.
52. Why is the "coliform group" of bacteria used as a measure of
contamination of water?
Since the "coliform group" is found in the intestines of warm
blooded animals, their presence in water indicates contamination with
sewage and the possible presence of typhoid, paratyphoid dysentery,
and other disease organisms. The test for the coliform group is
relatively easy, but there is no accepted test to prove the presence
or absence of all disease organisms.
53. What is the value of the total plate count?
The total plate count shows the number of bacteria that will
grow on an agar plate at 37 C or at 20 C. By finding the number
of bacteria in a raw water and in a finished water, it is possible to
get a measure of efficiency of water treatment. Large numbers ofWATER WORKS OPERATORS' MANUAL 29
bacteria on a total count of treated water indicate that the treatment
process is not functioning properly.
WATER TESTS
54.Define the terms safe water, potable water, polluted water, and
contaminated water.
(a) Safe waterone which will not cause discomfort or disease
to the person who drinks it.
(b) Potable waterone that is suitable for domestic use; has
low turbidity, good taste, little odor, is relatively soft, and bacter-
iologically safe.
(c) Polluted waterone that contains organic matter or other
materials that make it unfit for domestic use.
(d) Contaminated waterone that contains disease organisms.
55.How does the public judge water quality?
By noting temperature, odor, taste, appearance, chemical action
in household use, and whether or not it causes illness or discomfort.
56.How do water works personnel judge water quality?
By physical, chemical, and bacteriological tests.
57.What book is recognized by the State Board of Health for use
in checking water quality?
The current edition of Standard Methods for the Examination
of Water and Sewage, prepared, approved, and published jointly by
the American Public Health Association and the American Water
Works Association(1946).Publication office:American Public
Health Association,1790Broadway, New York 19, N. Y.
58. Describe the technique for taking a water sample for bacteriolog-
ical analysis.
(a) Obtain a sterile bottle from Oregon State Board of Health
or from local health officers.
(b) Select a clean tap and open the valve.
(c) Allow the water to run about half a minute, or longer, if
necessary, to get rid of standing water.
(d) Remove cover from bottle but do not touch mouth of bottle
or inside of cover.
(e) Fill sample bottle.
(f) Replace cover carefully and quickly.
(g) Send to laboratory as soon as possible. (Keep under refrig-
eration.)30 ENGINEERING EXPERIMENT STATION CIRCULAR 16
59. How often should water samples from public water supplies be
submitted to a laboratory for bacterial examinations?
At least one sample per month per 1000 population served.
HYDRAULICS
60. A vertical head of 200 feet of water will give what pressure in
pounds per square inch?
H = p/w, where H = vertical head in ft
p = pressure in lb per sq ft
wunit weight of water
= 62.5 lb per cu ft
pwH
lb
= (62.5 )(200ft)
ft3
lb
12,500 -
ft2
lb/ ft2
12,500
ft2 144in.2
= 87 psi
The pressure can be found directly by multiplying the head by
62.5 lb ft lb
= 0.434per ft of water height
144 ftin.2 in2.
p = (200) (0.434)
= 86.8 psi
61. A water line composed of 400 feet of 12-inch, 500 feet of 10-
inch, and 300 feet of 6-inch pipe has a velocity of flow in the 10-inch
line of 5 feet per second. (a) What is thequantity of flow through
the line? (b) What are the velocities in the 12-inch and in the 6-
inch pipes?
Use the equation of continuity:
Q = A V where Q = quantity of flow
A = cross-section area of pipe
V = average velocity of flowWATER WORKS OPERATORS' MANUAL 31
(Subscripts show pipe size (Q1° for 10-inch pipe, etc)
(a)Q10 =A10V10
= (/4)(10/12)2(5)
= 273 cfs
(b) Q= =A10V0 =Al2V12 =A6V6
2.73 ft = 3.48
7T/4(1)2 sec
2.73 ft
V6 ===13.9 -
r/4 (1/2)2 sec
62. What is the ratio of carrying capacity of 2-inch and 4-inch
pipe at the same velocity P
Using the formula Q = A V as a basis and using the subscript
2 for 2 in. and 4 for 4 in.
= A2V2
A4V4
Q2 A2V2
Because V2 V4 =
Q4AV2
(/4) (2/12)2
(/4) (4/12)2
(1/4) Q,
63. What is the Darcy-Weisbachformula for lost head in a pipe
line P
hL=(fL/d) (V2/2g) where hLlost head due to friction (feet)
f=friction factor (no dimensions)
(depends on velocity of flow and
roughness of pipe)
L=length of pipe (feet)
d=inside diameter of pipe (feet)
V2/2g=velocity head (feet)
V=average velocity of water in pipe
(feet per second)
g=gravity constant
(32.2 feet per sec2) at standard
temperature and pressure32 ENGINEERING EXPERIMENT STATION CIRCULAR 16
64. What minor losses might occur in a pipe line?
(a) Contraction in pipe size
(b) Expansion in pipe size
(c) Valves (depends on type of valve and on opening)
(d) Bends or elbows
(e) Obstructions in pipes
(f) Meters, fittings, etc.
All may be expressed: loss = kV2/2g, where k depends on the
nature of the loss and on velocity of flow.
65. (a) What static pressure may be expected at point (2) 100
feet lower than the water level in a reservoir? (b) If the pipe line
is 6 inches in diameter, 1000 feet long and the velocity of flow is 7
feet per second, what is the pressure at point (2)?
hL ENTRANCE h, ENTRANCE!"2
(I) (2)
-1L
d2g
2g
Energy at (1) = energy at (2) + losses
Potential energy = (potential + kinetic) energy +
(entrance + pipe) loss
p V21V2 fLy2 H = -+-+- -+-
w2g22gd2g
(a)For zero flow in the line (static pressure V2/2g =
0 and H=p2/w
p2= wH
= 0.434 (100)
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(b) For a velocity of 7 feet per second in the line
P2/ fL\T/2 23 H = +1.5 + -. From table in appendix f=0.023 =
(12g 1000
P2V2/fL H=+1++1/2
w2g d
p2V2 / fL =-+- 1.5k
w2g d
P2 /fL\V2
Transposing terms= H 1.5 +
w d 2g
23(1000)49
= 100.1.5+-
10001/2 64.4
49 = 100 (1.5+46)-
64.4
= 100-36.l
= 63.9 ft
P2= 63.9 w
62.4
= (63.9)
144
= 63.9(0.434)
27.7 psi
HYDROLOGY
66.What is hydrology?
Hydrology deals with the study of water, its properties, occur-
rence, and distribution.It deals principally with precipitation and
the amount of water that runs off or is absorbed by the earth.
The original sources of all water supplies are from rain, snow,
sleet, and hail. Thus, it is important that the water works man knows
how his supply reaches him after it falls to the ground. The hydro-
logic cycle of rainfall is not a complicated procedure, but there are
many interferences from the time the water leaves the ocean until
it finds its way back.34 ENGINEERING EXPERIMENT STATION CIRCULAR 16
Energy from the sun's rays draws moisture from oceans, lakes,
and vegetation into the air where it forms clouds that are carried
to various parts of the earth by wind and deposit their load whenever
the topography causes dynamic cooling. The precipitation as rain,
snow, sleet, or hail reaches the ground and starts through its intricate
distribution system. A portion of the water runs off the surface to
form lakes or rivers; another part percolates through the soil and is
trapped on hard ledges as "perched" water, is held in the soil above
an impervious surface, or appears on the surface as springs. The
topographical and geological formation of the earth determines the
percentage of surface runoff and percentage of percolation through
the soil. Because the water is at a higher level (has potential energy),
it pushes back to the ocean where it begins its cycle again.
In Oregon most of the storms come from the Pacific Ocean in
the winter months. There are two mountain ranges running parallel
to the coast, and winds in the region are prevailing westerlies. As
the clouds move eastward, dynamic cooling occurs on the western
slopes of the Coast Range and heavy precipitation occurs (about 80
in. per year). On the eastern slope and through the Willamette
Valley a decrease occurs in rainfall (about 40 in. per year). When
the clouds hit the Cascade Range, dynamic cooling again takes place
and rain pours onto the hills (about 100-150 in. per year). Un-
fortunately, when the clouds get over the top of the Cascades they
are nearly empty and Eastern Oregon gets only about 7-10 inches
of rain per year. This type of rainfall is orographic and accounts
for most of Oregon's rainfall. However, in some of the mountain
areas thunderstorms contribute to the total precipitation.
67. Where can one obtain records of rainfall and runoff P
The Weather Bureau of the Department of Agriculture pub-
lishes a Daily Weather Map for each of several principal stations;
Climatological Data, monthly and yearly summary, the Monthly
Weather Review, and an Annual Report of the Bureau. These re-
cords show the rainfall for various areas.
The United States Geological Survey of the Department of the
Interior publishes Water Supply Papers which show location, drain-
age area, maximum flows, minimum flows, and other pertinentdata
for streams and rivers of the United States. Information on ground
water may be obtained from the Ground Water Division of the
Geological Survey.
The State Engineer handles water rights and has records on
most streams.
Some cities, colleges, or private organizations keep records of
rainfall and stream measurements.WATER WORKS OPERATORS' MANUAL 35
68. What is the value of rainfall records?
If the records have been kept carefully for a long period of
time, they show whether average rainfall is increasing or decreasing
and when the maximum and minimum occur, and they also indicate
the amount that might be expected for future use in a water supply.
69. What is the value of stream records?
They show the low water flow and the high water flow so that
water supplies can be designed to have adequate water during low
water periods and to be out of reach of flood waters.
ELECTRICITY
70. Volts and amperes are analogous to what hydraulic terms?
Voltage is equivalent to difference in pressure.
Amperes (electrons per second) is eqttivalent to flow in cubic
feet per second or gpm.
71. Does a large or small wire heat more with the same voltage and
current?
The smaller wire would heat more, because the resistance to flow
would be greater.
Volts (E)
Resistance flow in ohms (R)
Amperes (I)
E
R =(known as Ohm's law)
I
If the resistance is too great in a small wire, the energy is ex-
pended in heat and can cause fires or at least an interruption of
service.
72. How much electricity can the human body stand?
A flow of about 0.1 ampere is usually fatal.
Resistance to flow: dry skin hand to hand 10,000-40,000 ohms
wet skin hand to hand400-15,000 ohms
Pressure to kill: dry 1,000-400volts
wet40-1,500 volts
Under certain conditions the body can stand a lot of electricity,
but it is usually safest to assume that it is unable to stand any and to
leave electricity alone unless you are positive that it is safe.36 ENGINEERING EXPERIMENT STATION CIRCULAR 16
73. Power in electricity is in what terms?
Power is in watts or kilowatts (1000 watts).
Power== (amperes) (volts) _IE = watts.
74. Distinguish between kilowatts and kilowatt-hours.
A kilowatt is the power of 1000 volt-amperes.
A kilowatt-hour is the power of one kilowatt produced con-
tinuously for one hour.
75. What is the relations/tip between kilowatts and horsepower?
0.746 kilowatts 1 horsepower.
WATER WORKS MATERIALS
76. What materials are generally used in the water works field?
(a) Iron and steel
(b) Concrete
(c) Timber
(d) Asphalt
(e) Soils
(f) Copper, lead, plastic, asbestos cement, etc.
77. How do the properties of the materials compare?
Material
Relative
weight
Relative strength
Ductility
Resistance
to corrosion Tension
Corn-
pression
Cast Iron---------------------heavy fair good brittle must be pro-
tected
Wrought iron heavy good fair very
ductile
must be pro-
tected
Steel heavyextra
good
good ductilemust be pro-
tected
Concrete-----------------------mediumno goodgood brittle good
Timber mediumfair fair poor fair
Asphalt mediumpoor good fair good
Soils variableno goodfair* poor*
Copper ---------------------------heavy good good ductile fair
Lead extra
heavy
poor POOr ductile good
Plastic light fair fair* ductile* good
Asbestos cement light fair fair brittle good
*Depends on type.WATER \ORKS OiERAToIs' MANUAL 37
SPECIFICATIONS
78. What is the purpose of specifications?
The purposes of specifications are as follows: to define and
limit the project; to designate materials as to size, weight, quality,
amount, and tests; to designate the technique of manufacture or con-
struction, the quality of workmanship, and the tests to prove quality;
and to give a method of payment. The specifications help prevent
misunderstanding in procedures and thereby reduce the cost of the
project.
79. What specifications may the water works operator be concerned
with?
(a) Manufacturers' specifications
(b) Engineering organizations
(1) ASCEAmerican Society of Civil Engineers
(2) ASMEArnerican Society of Mechanical Engineers
(3) A1EEArnerican Institute of Electrical Engineers
(4) SAESociety of Automotive Engineers
(c) Federal Government (US Bureau of Standards)
(1) TJS National Bureau of Standards
(2) US Bureau of Mines (safety practice)
(3) US Bureau of Reclamation
(d) Associationsociety specifications
(1) AWWAAmerican Water Works Association
(2) ASAAmerican Standards Association
(3) ASTMArnerican Society for Testing Materials
(4) ACTAmerican Concrete Institute
(5) AWSAmerican Welding Society
(6) AWPAAmerican Wood-Preservers' Association
This is not a complete listing, but it shows sonic of the organ-
izations that test materials and publish specifications. For the water
works operator, the AWWA specifications are fairly complete. A
list of the published specifications is included in the appendix.
REGULATIONS AND RECOMMENDATIONS
80. What regulations and recommendations arc available from the
Oregon State Board of Health?
(a) "Fluoride Supplementation ofPublic Water Supplies,"
1951.
(b) "Chlorination of Water Mains and Reservoirs," 1947.38 ENGINEERING EXPERIMNT STATION CIRCULAR 16
(c) "Oregon State Plumbing Laws and Rules and Regulations
Governing Plumbing and Water Supply."
(d) "The Design, Construction, and Maintenance of Public
Swimming Pools," 1950.
(e) "Standards for Safe Practice in the Production and De-
livery of Water for Domestic Use," 1950 (included in appendix of
this manual).
81. What function does the State Board of Health serve besides
enforcing regulations?
Although the OSBH by law has to enforce rules and regulations
regarding drinking water, it cooperates as far as possible with water
works operators by conferring with them on special problems, by
publishing information on general problems, by helping put on short
courses and conferences to increase their knowledge in the water
works field, and by publishing recommendations on procedures.
82. What other requlations affect water works operators?
(a) Municipal regulations regarding position of mains, services,
etc, (building code)
(b) The Industrial Accident Commission regulates shoring
and safety devices
(c) The National Board of Fire Underwriters has regulations
concerning value of districts, size and spacing of hydrants, stand-
pipes, etc, and pressures and quantities required for fire flows
(d) Commissioner of Public Utilities regulates rates and ade-
quacy of service for water utilities not publicly owned.
83. To whom can one go for an evolution of the fire protection
system?
(a) NationallyNational Board of Fire Underwriters.
(b) In OregonThe Oregon Insurance Rating Bureau.
SURFACE WATER
84. What factors affect the quality of surface water?
(a) The control of the watershed regarding population, logging,
fishing, hunting, picnicking, cultivation, and erosion is essential to
maintain good quality water.
(b) Surface waters tend to collect the minerals of the watershed
and may pick up enough organic material to affect the taste, odor,
and color of the water.
(c) Ordinarily surface waters are not safe to use as public
water supplies without some form of treatment.WATER WoRKS OPEIvro1s' MANUAL 39
85. Why is a large pond or lake concidercd advantageous as a
source of sup ph?
Stored waters are usually of more uniform quality than water
taken directly from rivers or streams. The storage period permits
settling of suspended material, the bleaching of color, and the re-
moving of some bacteria. In smaller ponds or lakes the advantages
are often offset by heavy growths of algae with their accompanying
tastes and odors.
86. What arc the problems in maintaining a zeatershed?
(a) It is difficult to control pollution and contamination, unless
the municipality owns the watershed and can control access to it.
(b) Collection and intake facilities and pipe lines are difficult
to install and repair due to rough country and hard winters.
(c) Insects, fire, and weather can (laniage growth on the area
and cause a water shortage.
(d) In (lrOUth years the supplyis generally limited.
87. What are the problems connected wit/i a river source?
(a) The river is probably contaminated and the water would
require purification.
(b) Intakes may be damaged by flood waters.
(c) The water is usually warmer than a mountain supply, and
complaints about warm water may arise.
(d) Pumping is required to maintain adequate pressure.
88. Western water law recognizes what two doctrines relative to
water rights?
(a) Doc'rRINE OF RIPARIAX RIGHTS. A riparian owner has to
own land bordering on a stream. He has no right to the body of
the water flowing in the stream ; but his right, strictly speaking, as
originally developed under the common law, extends to a continuation
of the flow of water, undiminished in quantity, past his land. A true
riparian right, being a property right, cannot he lost through lion-use.
(b) Doe'rIuN!: OF APPROPRIATION. An appropriator may take
an amount of water necessary for his plrpose when used in an eco-
nomical manner and whenever such an amount of water exists in a
stream over and above the rights superior to his aiid may continue
such diversion and use so long as the water is needed and is used
beneficially for the purpose for which it was appropriated. Non-use
for a certain period, or abandonment, causes a loss of the right. In-
dividuals, corporations, municipalities, etc, may become al)Propriators
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89. In general, how does Oregon handle water rights?
(a) "All water within the state from all sources of water supply
belong to the public."Section 116-401, Water Laws of the State
of Oregon, 1941.
(b) The courts in Oregon have held that lands patented prior
to 1887 have a riparian right, but that this right is limited to the
extent the water has been put to beneficial use at the time of the pass-
age of the water code in 1909. Since that date, right may be acquired
only by appropriation.
(c) Certain streams, certain waterfalls, some streams needed
for municipalities, and some sections of the Columbia River are
held from appropriation.
(d) The State Engineer of the State of Oregon has the re-
sponsibility of appropriating the waters of the state in the manner
designated by the water laws.
90. What procedure should be followed to obtain a water right?
(a) Secure from the State Engineer necessary blanks to be
used in making application to secure a permit to use the water.
(b) After application blank has been filled out, forward it to
office of State Engineer, Salem, Oregon, with necessary fees, maps,
and other required data.
(c) Upon receipt of permit, permittee must comply with terms
thereof, with particular reference to limitation governing the be-
ginning and completion of construction and the application of the
water to beneficial use.
(d) Upon the commencement of construction work, notice on
the form attached to the permit must be sent to the State Engineer.
Similar notice must be sent to the State Engineer when the con-
struction work has been completed, and also when the water has
been applied to beneficial use.
(e) Upon receiptf notice that the water has been applied to
beneficial use, the matter of final proof will be taken up with the
permittee.
(f) Upon receipt of satisfactory proof that the water has been
used in accordance with the terms of the permit, the State Engineer
will issue a water right certificate, which after three months becomes
conclusive evidence Qf the water right.Failure to submit proof is
grounds for cancellation.
(g) If construction has not been completed or if water has not
been completely applied to the proposed use within the time limits
set out in a permit, an application for an extension of time should
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due diligence has been exercised in the prosecution of work under
the permit as provided by law.
NOTE:Whenever a measuring device becomes necessary for the distri-
bution of water the permittee will be required to install one to the satLsfactton
of the State Engineer as provided by Section 116-501, OCLA.
Applications for permit to appropriate water for the generation
of electricity, with the exception of municipalities, must be submitted
to the Hydroelectric Commission of Oregon.Municipalities must
apply to the State Engineer.
The waters of certain streams have been withdrawn from ap-
propriation by legislative act and by orders entered by the State
Engineer as provided by law.Information relative to such with-
drawals will be furnished upon request.
The forms furnished for submitting applications are of three
kinds:
1) A form for general appropriation from rivers, lakes, streatns,
springs, waste waters, waters stored in reservoirs, and any other
surface appropriation.
2) A form for constructing reservoirs and storing waters for
beneficial use.
3) A form for underground appropriations where the use is
contemplated east of the summit of the Cascade Mountains.
UNDERGROUND WATER
91. What determines the availability of ground water?
A combination of climatic, topographic, and geologic factors in-
fluence ground water conditions. When rainfalls on an area, a
certain percentage will run off--depending on vegetation, slope of
the area, and the porosity of the soil.Some will be absorbed by
plants and will reenter the atmosphere by transpiration. The re-
mainder will percolate into the soil and will be distributed according
tothesize,shape, and arrangement of openingsintheearth
materials.
If a hard layer exists in the earth, the pores above itfill with
water which is not under pressure other than atmospheric. The
surface of this water is called the water table, and the body of water
iscalled unconfined ground water.Certain arrangements of the
earth's layers will cause the water to be under a pressure head. This
water is called confined or "artesian" water and will rise in a well
above the normal water table or will emerge as artesian wells or
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It is possible to have a spring flowing continuously on one farm
and to be unable to locate water at all on an adjoining farm. The
US Geological Survey and the State Engineer are studying the
ground water situation in Oregon and have several wells which
they test frequently.
92. What are some of the disadvantages of a well supply?
(a) There is generally a high mineral content; iron, Mg, etc.
(b) Hydrogen sulfideisoften present in the water.
(c) The supply is ordinarily adequate only for small cities.
(d) The cost is usually high for deep wells.
(e) Ground water is not available in many communities and
cannot always be depended upon as a source of water supply.
93. What are some of the advantages of a well sup pli?
(a) The water is of uniform quality
(b) It is relatively free from harmful bacteria
(c) Cost of water production is low for small installations
(d) There is a small capital investment for construction and
equipment
94. Is it advisable to keep a continuous bacteriological check on
a well supply?
Because all water suppliers are responsible for the quality of
water produced in their systems, an operator of a well supply should
keep track of the bacteriological purity of his supply.It is always
possible for a well to become contaminated either through the ground
water or from the surface.
95. Why do some cities with surface supplies often have wells?
(a) To supplement mineral quality of surface supply
(b) To bring temperature down
(c) To economize
(d) To have two sources in event of disaster or war
(e) To stabilize pressure
(f) To make a cheap peak demand supply
96. What are the types of wells that may be constructed?
Wells may be dug, bored, driven, jetted, or drilled, depending
on the type of soil and the use of the well.
97. Is it necessary to apply for water rights on underground water
in the State of Oregon?
Water rights on underground water are required only in the
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98. Are all the ground waters of Oregon of good quality?
All of the ground waters are safe and potable, except the salt
waters in marine sedimentary rocks that occur in places beneath the
Willamette Valley, the Coast Range, and the Kiamath Mountains
and highly mineralized water that occurs along fault lines in the
southeastern plateau division.Shallow wells do not always yield
bacteriologically safe water. All well waters should be tested before
being used for human consumption.
INTAKES
99. What care should be exercised in selecting the location of a
water supply intake?
Because intakes are usually a grated opening or strainer through
which the raw water enters, they should be located to give the least
interference with the supply.If possible, there should be a double
intake so that half could be cleaned or repaired while the other half
works.
The following points should be considered:
(a) The source of supply(lake,river, stream, impounding
reservoir)
(b) The fluctuation of the water surface
(c) The intake surroundings (depth of water, character of basin
floor, currents, floods, storms, fish life, navigation)
(d) Ice, ice jams, logs, and other floating material
(e) Chances of silt plugging intake or changing its character-
istics
(f) Fish screens to keep out fish
STORAGE DAMS
100. What are the purposes of storing water?
(a) To equalize pumping rates over the day
(b) to equalize supply and demand over a long period of high
consumption
(c) To furnish water for emergencies (fires, breakdown, etc.)
101. What are the rules and regulations of the State Engineer re-
garding reservoirs and dams?
RESERVOIR APPLIcATION. When storage for future use is con-
templated, a reservoir application should be filed regardless of the
size of the reservoir or the height of the dam. If a small sump is
to be formed only to facilitate pumping or to improve head on a pipe
line, no reservoir application is considered necessary.44 ENGINEERING EXPERIMENT STATION CIRCULAR 16
If it is proposed to fill the reservoir more than once, this shall
be indicated under "remarks." The number of times it will be filled
shall be stated.
A reservoir permit grants a right to store water subject to exist-
ing rights. It does not grant a right to store water required to satisfy
superior rights, which limitation will, in many cases, preclude the
storing of water flowing in a stream during the irrigation season.
The same general requirements pertain to filling out a reservoir
application as to an application to appropriate.
It must be remembered that a permit to construct a reservoir
and store surplus waters does not grant the right to divert and use
such stored water.
Each reservoir application must be accompanied by an applica-
tion for permit to appropriate the stored waters, which application
should refer to the proposed reservoir as the source of supply unless
it is desired to use water from the reservoir and a stream. In the
latter case both the reservoir and stream should be referred to as the
source of supply.
When more than one party seeks to store water in the same
reservoir, the law requires that documentary evidence shall be sub-
mitted showing that an agreement has been entered into with the
owner of the reservoir for a permanent and sufficient interest in said
reservoir to store enough water for the purposes set out in the ap-
plication for appropriation.
DAMS. The following requirements are in connection with plans
and specifications relative to reservoir construction and do not refer
to requirements for securing permits to store water.
The law provides that plans and specifications for the construc-
tion of all dams which will be 10 feet or more in height or will im-
pound or store 3,000,000 gallons or more must be approved in writ-
ing by the State Engineer. Plans and specifications for construction,
or extensions or enlargements of such structures, must be prepared
by a professional engineer licensed to practice in the State of Oregon;
and also when it may be necessary for the protection of other water
users, the State Engineer shall require the owner of any reservoir
or diversion dam to construct and maintain a suitable outlet in such
reservoir or dam which will allow the free passage of the natural
flow of the stream, and the State Engineer shall determine what con-
stitutes a suitable outlet. The height of the dam shall be measured
from the level of the natural stream bed to the crest of the dam, on
centerline of crest.
Registered professional engineers commissioned to prepare plans
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liminary data to the State Engineer and obtain from him the mini-
mum requirements on which to base the design of the dam. Such
preliminary data should include the following:
(a) Location of dam by subdivision, section, township, and
range and stream or creek on which dam is to be con-
structed
(b) Type of dam: earth, rock fill, concrete, masonry, or timber.
(If concrete or masonry, whether gravity, arch, flat-deck,
or multiple arch.)
(c) Proposed height of dam and amount of water in acre feet
to be impounded
(d) Character of material on which dam will be constructed
and depth to bedrock or to impervious material
(e) Width and depth of present stream or creek channel and
estimate in cubic feet per second the maximum floods that
have occurred
(f) Estimate of acreage or square miles in drainage area of
the creek above dam and description of soils, topography,
cover, and tillage of the area
(g) Availability of suitable earth fill material for main body
of dam
(h) Availability of suitable concrete aggregate
(i) Availability of rock suitable for use in rock blanket on
slopes of dam
(j) Description of the area along the creek or stream below the
dam that would be flooded in the event of failure of the dam
(k) A statement in regard to the possibility of loss of life or
damage to property resulting from failure of the dam.
Regulations have been prepared governing the construction of
earth dams less than 10 feet in height or impounding less than
3,000,000 gallons, compliance with which is made a requirement be-
fore permit to construct a reservoir is issued. Forms, setting forth
such regulations and providing for additional information to be sub-
mitted with applications for permits, should be requested by all ap-
plicants proposing construction for such small dams.
PLANS. Plans and specifications submitted for approval must be
as complete in detail as they would be if submitted to contractors
bidding on the work. Plans must be submitted on a good quality
of tracing cloth or paper and must be neatly and accurately drawn
to a scale sufficiently large and with an adequate number of views so
that the drawing may be readily interpreted and studied.Several
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ings. No map or plan should be larger than 28 x 40 inches if con-
veniently possible. The following information will be required:
(a) A contour map of the reservoir site which will show the
location of the dam by section, township, and range, the
name and location of the stream flowing through the reser-
voir, etc. Government survey lines should be indicated on
this map. Area and capacity curves and tables of the pro-
posed reservoir should be given.
(b) A map of the drainage basin showing the general location
of the dam and reservoir and the streams within the drain-
age area. This map may be prepared from topographical
maps of the US Geological Survey or US Forestry Depart-
ment where available.The number of square miles of
drainage area should be indicated. A brief description of
the area should be givenincluding the percentage of bare
and timbered lands, general characteristics of the water-
shed, whether precipitous, rolling, or comparatively flat, etc.
(c) A topographic map of the dam site with contour intervals
of not to exceed 5 feet. A plan of the dam should be super-
imposed on this map, showing the location of spillways,
outlet conduits, cutoff walls, etc.
(d) A profile of the dam site taken on the axis of the dam and
a profile of the spillway along its axis. The profile should
also show the location of the outlet conduit, spiliway, etc.
A log showing the classification of materials encountered
below the surface as shown by test pits or borings should
be given.
(e) A cross section of the dam at maximum section showing
complete details and dimensions
(f) Plans showing in detail sections of outlet conduit, control
works, and spillways. These sections should be in sufficient
number and detail to make absolutely definite all features
of the structure.
All maps and plans must be drawn to a scale which will clearly
show the dimensions and character of construction.
SPECIFICATIONS.All plans must be accompanied by specifica-
tions which shall be as complete as to detail as would be submitted
to contractors bidding on the work.
The specifications shall describe in detail the methods to be
used in performing each class of work and shall set forth the re-
quirements for the various types of material that will enter into the
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The specifications must contain a provision for supervision by
the engineer of the owner during construction and for inspection
by the office of the State Engineer at any time during the construc-
tion period.
The Specifications must also contain a provision to the effect
that plans or specifications shall not be altered or changed in any
particular without the written approval of the State Engineer. A
copy of an approved form of specifications will be furnished upon
request.
GENERAL REQUIREMENTS.The State Engineer may require any
information or data in addition to that outlined herein which he may
believenecessaryfordetermining thesafetyofthe proposed
structure.
Whenever possible, precipitation or rainfall and run-off records
shall be submitted.
TRANSMISSION, GRAVITY
102. What is a transmission line?
A transmission line is an open or closed conduit designed to
carry water from its source to the point of distribution.
103.
WhiP'is a closed conduit usually preferred?
In mountainous areas it is hard to follow the hydraulic grade
line with an open conduit, and there is danger of pollution and con-
tamination along the route. The open conduit usually has high seep-
age and evaporation losses and a high maintenance cost.Pipe lines
are cheaper to construct and maintain, and they do not need to be
laid on the hydraulic grade line since they will withstand pressure.
104. When can a canal be used?
Conditions favorable to a canal include flat land for good slope,
impervious material not easily eroded and yet easily excavated, soil
not conducive to plant growth, and a minimum chance for pollution.
TRANSMISSION, PUMPING
105. What is required besides the usual valves, pipes, and fittings
when water is pumped from the source to the distributipn system?
(a) Pumping station
(b) Pumps with either automatic or manual controls
(c) Relief valves,air valves, surge towers, or some other
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106. What determines the choice of power for a pumping station?
The choice of power depends on reliability, availability, and ex-
pense; in the order stated.Electricity, steam, water, wind, and in-
ternal combustion fuels may be used to pump water.In all main
stations there should be a primary source and a secondary source to
use in emergencies.
107. What two general classes of pumps are used in water supply?
(a) The centrifugal type has an impeller with radial vanes
rotating at a speed that will draw in water at the center and discharge
it by centrifugal force at the outside of the impeller.
(b) The displacement type may be either the reciprocating type
(piston or plunger) or the rotary type (interlocking gears or cams).
108. What is the biggest advantage of the centrifugal pump?
Because it is not a positive displacement pump, valves can be
shut off anywhere in the system without affecting the pump, provided,
of course, that the water does not churn long enough to generate
high heat.
109. What is the usual procedure for starting a centrifugal pump?
(a) Close the valve on the discharge side.
(b) Be sure the pump is primed.
(c) Turn shaft by hand to see if impeller is free and packing
is free.
(d) Start the motor and when it attains running speed, open the
discharge valve slowly.
(e) Check the vacuum gage on the suction line and the pressure
gage on the discharge line to see if the pump is functioning properly.
(f) Check for overheating in the motor, bearings, and the pack-
ing glands.
110. Why should a check valve be put in the discharge line of a
pump?
The check valve prevents reversal of the motor if it is shut off
fast and water hammer occurs.
111. What. is meant by the "shut-off head" of a centrifugal pump?
The "shut-off head" is the head resulting from centrifugal force
only. It is theoretically equal to the velocity head V2/2g, where V is
the linear velocity of the impeller.It can be determined by closing
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112.What kinds of packing can be used for centrifugal pumps?
Graphite and string packing is ordinarily best.Some special
seals arc used that do not require repacking. Lead has been used
but it can score the shaft if packing or greasing is improperly done.
DISINFECTION
113. How is chlorine fed into the water that is to be treated?
Chlorine may be fed as a gas or in the form of hvpochlorites,
either dry feed or solution feed.
Chiorinators for feeding chlorine gas may have manual control
or some form of automatic control based on rate of flow of water
or on residual chlorine.
Hypochlorinatorsareordinarilysmall,accuratediaphragm
pumps.
114.What are the properties of chlorine gas?
(a) It is a yellow-green gas at atmospheric pressure and comes
as a liquid in pressure containers.
(b) It is about2-1/2times as heavy as air so floor vents are re-
quired in a chlorine room.
(c) It is a very strong corrosive agent.
(d) It is very irritating to the nose, throat, and lung membranes.
A gas mask should be worn if fumes are noticeable.
(e) Ammonia fumes and chlorine produce a dense white cloud
resembling smoke. Therefore, ammonia can be used to check for
chlorine leaks.
11g. How is the point of application of chlorine usually specified?
The terms plain, pre, po.ct, and rechiorination have come into
common usage to specify the point of application. (From American
Water Works Association manual, Water Quality and Treatment.)
(a) Plain chlorination is the application of chlorine to an other-
wise untreated water supply as it enters the distribution system or
pipe line leading thereto.
(b) Prechlorination is the application of chlorine to a water
prior to any other treatment.
(c) Postchlorination is the applicationofchlorine to water after
other treatment.
(d) Rechlorination is the application of chlorine to a water at
one or more points in the distribution system following previous
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116. Define "free available residual chlorine" and "combined avail-
able residual chlorine."
"Free available residual chlorine isdefined as that residual
chlorine existing in water as hypochlorous acid and hypochiorite
ion.,,*
"Combined available residual chlorine is defined as that residual
chlorine existing in water in combination with ammoniaor organic
nitrogen compounds."*
117. About how high a chlorine residual should be maintained ina
distribution system?
The concentration of free available residual chlorine and of com-
bined available residual chlorine that should be maintained to insure
satisfactory bacterial quality will vary with the type of water, the
temperature, conditions of treatment, and the type of residual main-
tained.
United States Public Health Service laboratory reports indicate
that, with free available residual chlorine in water at pH 6.0 to 8.0,
a safe residual for complete destruction of bacteria at the end of 10
minutes contact time would be not less than 0.2 ppm; at pH 8.0 to
9.0 at least 0.4 ppm; at pH 9.0 to 10.0 at least 0.8 ppm; at pH 10.0
or above, more than 1.0 ppm will be required, or preferably, periods
of contact of not less than 4 hours. With combined available residual
chlorine of waters at pH 6.0 to 7.0 a safe residual would be not less
than 1.0 ppm for 60 minutes' contact; at pH 7.0 to 8.0, at least 1.5
ppm; at pH 8.0 to 9.0 not less than 1.8 ppm. If pH is above 9.0 it
should be reduced or extend the contact time to not less than 4
hours with a residual of not less than 1.8 ppm.
If the water is very turbid, these values may not apply.If
there is doubt as to the type of residual, it must be assumed as com-
bined residual, and the recommended concentration for the pH of
the water maintained.
118. Why is it good practice to maintain a chlorine residual through-
out the system?
A chlorine residual in the system indicates that the organic
material in the water has been oxidized and the chlorine is acting
to kill any bacteria in the water.
119. Wow does chlorine destroy bacteria and other microorganisms?
The belief generally accepted now is that the reaction is a physico-
chemical one. The cell wall structure and the cell contents contain
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proteins and amino groups with which the chlorine reacts.This
action alters the chemical characteristics of the cell contents and de-
strovs life, or it may cause (lisintegration of the cell structure. The
bactericidal efficiency of chlorine and chlorine cotiipounds depends
on reactionperiod,temperature,PFI. and the concentration of
chlorine consuming compounds.
120. What happens to chlorine residual in anot'1l
reservoir.2
The residual drops rapidly, because the large surface area allows
the chlorine to escape.
121. Is it good practice to chlorinate, cz'en though the source of
supply shows consistent/v negative coliforin-group tests.'
It is good practice to maintain a residual, because it is always
possible in our present day mode of living to get contamination in
a distribution system.
122. What arc the common methodsoftesting for chlorine residual.'
(a) Orthotolidinecomparator method (OTA) .Interfering
compounds, such as nitrite. ferric and mal/ganic. ligno-cellulose, and
algae, increase the apparent residual.
(b) lodometric method ( starch iodide test
(c) Amperometric method.
(d) Chlorine demand test.
(e) Drop-dilution test for held use with residuals above 10 ppm
COAGULATION
123. Wi/atiSti/c principle of coagulattoll as an aid to scd,iiientatioii.'
Water that is turbid or colored from finely divided matter held
in suspension, dissolved organic matter, nul bacteria will not clarify
i/Ia settling basin.Coagulating chemicali are used to form a gela-
tinous,sticky precipitate which entanglescolloidalparticles and
absorbs color.If the gelatinous mass is kept in niotioii for a period
of time, it forms into floes that will settle.
SEDIMENTATION
124. What variables affect sedinientation/
(a) The force of gravity
(b) The size, shape, and specific gravity of the particles
(c) Coagulation of the settling particles
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(e) Cross currents in the basins
(f) Viscosity (and temperature) of the water
(g) Inlet and outlet structures and baffles
(h) Electrical attractions of particles
(i) Algae and other biological organisms
(j) Sludge accumulation.
FILTRATION
125. What is a rapid sa.nd filter?
A rapid sand filter is a gravity flow unit composed of about 18
inches of closely graded, hard quartz (or anthrafilt, a graded hard
coal) held in place by graded gravel that has been carefully placed
over an underdrain system. To keep the filter from clogging, a back-
wash system is provided. Pressure filters of the same general type
have been used for filtration.
126. Name the principal elements of a rapid sand filter plant.
(a) Intake structure (gravity or pumps)
(b) Chemical injection equipment (chlorine, ammonia activated
carbon, coagulating chemicals, etc)
(c) Rapid mixing device
(d) Coagulation basins
(e) Sedimentation basins
(f) Filters(incltides operating tables and filter gallery)
(g) Clear well or reservoir
(h) Outlet (gravity or pumps).
SOFTENING
127. Name three methods for testing for hardness of water.
(a) The Soap Method (pg 25 Standard Methods)
(b) The Soda Reagent Method (pg 27 Standard Methods)
(c) SchwarzenbachMethod(VersenateMethod)Journal
AWWA, January 1950.
128. What compounds in water cause hardness?
The hardness of most waters is caused by four compounds in
solution:
(a) Calcium bicarbonate(solution of limestone,CaCO3in
waters containing carbon dioxide, CO)
(b) Magnesium bicarbonate(solution of magnesite,MgCO3
in waters containing carbon dioxide, CO2)WATER WORKS OPERAT0ns' MANUAL 53
(c) Calciumsulfateinthe formCaSO42H20 is known
as gypsuni
(d) Magnesium sulfate in the formMgSO47H20 is known
as epsom salts.
Iron, manganese, and aluminum cause hardness but are usually
present in such small quantities that they are not considered in the
discussion of hardness.Iron and manganese are objectionable be-
cause they cause brown stains in lavatories, sinks, bathtubs, and on
laundered articles.
129. Is hardness a major problem in Oregon?
No, the total hardness of most waters in Oregon runs from 1
to 60 ppm asCaCO3.
CORROSION CONTROL
130.What do we mean by corrosion?
Metals are rarely found in a pure state on the earth, but are
found as oxides, carbonates, or sulfides which are stable compounds.
When the metals are reduced to their pure state they are unstable
and will attempt to combine to form oxides, sulfides, or carbonates to
become stable again.
131.What types of corrosion arc there?
There are four basic types of corrosion:
(a) Direct chemical attack. Aggressive solutions such as acids
and bases attack the metal.
(b) Dry oxidation and tarnish. Oxides or other surface films
form (aluminum and copper show this type)
(c) Electrochemical corrosion. Current can develop due to local
stresses, highly conductive material, or dissimilar materials.
(d) Atmospheric corrosion. A combination of oxidation, dis-
similarity, concentration, and local stress can cause corrosion.
132.What factors influence the corrosion process?
(a) The metal must be in direct contact with its environment.
(b) Moisture is necessary to corrosive action.
(c) Oxygen is necessary for normal corrosion processes.
(d) Corrosion is essentially an clectrochemical action.
(e) The electrochemical process infers oxidation or reduction
of chemical reactions to the end that some element is plated from the
solution. Normally this element is hydrogen.
(f) Ultimately, the products of corrosion play an important role
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(g) The pH value is usually between 0 and 4.3 or 9.0 and 14.0
for corrosion to take place. From 4.3 to 9.0 seems to be a neutral
zone where the rate of corrosion is slow.
133. How can the water works operator protect his system against
corrosion?
(a) Substitute materials:
(1) Asbestos-cement pipe
(2) Plastic pipe
(3) Copper pipe
(b) Provide corrosion barrier:
(1) Paint
(2) Coating on surface (zinc, cadmium, bituminous, etc.)
(c) Alter environment:
(1) Drain
(2) Replace backfill with other material
(d) Provide insulation barrier
(e) Design for corrosion:
(1) Extra thickness of material
(2) Inspection and location
(f) Adjustment of water to prevent internal pipe corrosion
(g) Cathodic protections:
(1) Natural anodes
(2) Superimposed current
PIPING
134. What types of pipe are used for distribution systems?
(a) Welded steel
(b) Iron-galvanized and black
(c) Cast-iron-bell and spigot and mechanical joint
(d) Asbestos-cement
(e) Concrete (generally steel lined)
(f) Wood stave
(g) Copper, lead, plastic for services
135. What precautiwis should be observed when using wood-stave
pipe?
(a) The pipe must not be allowed to dry out.
(b) It must always be under a positive pressure.
(c) The wire bands should be protected against corrosion.WATER WoRxs OPERATORS' MANUAL 55
136. 14/hat precautions must be used in laying asbestos-cement pipe
in gravel or rocky soils P
(a) it should not be dropped on rocks, either from the truck
to the ground or from the bank into the trench.
(b) The bed should not have any rocks or gravel which would
tend to overstress the pipe.
137. How would the terrain and general con formation of the ground
influence the selection of pipe P
(a) If the site were inaccessible to a motor vehicle, weight of
pipe and ease of handling would be considered.
(b) If the line passed from ridge to valley, there would be a
possibility of negative pressures developing.
138. Would the type of soil be a factor in the type of pipe selected
for a pipe line?
Type of soil should be a major consideration in selecting any
pipe line. A highly acid or a highly alkaline soil would attack steel
or cast iron unless they were properly treated. A rocky soil would
cause severe stress points and would call for cast iron or steel.Salt
laden soil or tidal flats would call for pipe with a slow corrosion rate.
139. Why is it good practice to lay highway and railroad crossings
in culverts or other casing?
Railroad or highway fills would place undue stresses on pipe
and would probably cause leaks.If repairs are needed at a future
date, they can be made without disrupting traffic.
140. What is the purpose of air chambers in a pipe line?
They form a cushion to absorb shock loads.
141. What is the main objection to dead-end mains?
They allow pockets for concentration of chlorine, bacteria, or
(lebris. A grid is needed for effective distribution.
142. What controls the depth of water mains in western Oregon?
In eastern Oregon?
(a) In western Oregon the depth of mains is controlled mainly
by the expected loads on the pipe or by the codes of the individual
cities.
(b) In eastern Oregon, and in some mountainous areas, the
depth is controlled by the depth of frost penetration.
143. Why isn't galvanized pipe used for service connections?
Itiscorrosive and needs a lead gooseneck to provide for
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144. Why has the trend of practice been from lead to cop per in
house service connections?
(a) Lead collapses too easily.
(b) In some waters lead goes into solution and the concentra-
tion becomes more than the 0.1 ppm allowed by USPHS standards.
(c) Copper is more economical.
145. Why are siphon breakers required on park and home sprinkling
systems?
They are used to avoid a cross connection with water from lawns
and yards.
FITTINGS
146. Is there any accepted rule for spacing valves?
There is no set rule for valve spacing although good practice
requires that all smaller mains be valved off a main feeder line, and
that valves be placed in all distribution mains approximately 800
to 1000 feet apart each way. In a complete grid system there should
be two valves at each street intersection. Ordinarily, there should be
no more than three valves at a cross, nor more than two at a tee.
147. Give five reasons for putting valves in a water system.
(a) To control the direction and quantity of flow of water
(b) To regulate pressures
(c) To release or admit air to the system
(d) To drain or flush lines
(e) To facilitate repair and maintenance
148. Name several types of valves used in the water works field.
Gate, globe, check, air relief, pressure regulating, altitude, needle,
ground-key, mud, butterfly, sluice gate, corporation stop, and vacuum.
149. In. operating valves why should the operator close and open
them slowly?
Avoids developing water hammer in the system. Water hammer
sets up a shock wave that could damage pipe and equipment.
150. What would a comprehensive inspection of valves include?
(a) Check location and condition of valve box.
(b) See if the box is at street grade and if the key goes on
the nut easily.
(c) Listen for leaks before closing.
(d) Close valve (note closing direction and number of turns).WATER WORKS OPERATORS' MANUAL 57
(e) Listen for leaks.
(f) Open valve and listen for leaks.
(g) Fix any leaks around packing and note any apparent
defects.
151. Why is it good practice to operate all valvcs in a distribution
system when it is flushed?
This procedure insures that all valves are open and in good
working order and flushes out rust and dirty water caused by operat-
ing the valve.It cuts down on tuberculation which, after a number
of years, could make the valve unworkable.
METERS
152. What is the maximum flow to be expected from various sizes
of meters?
Meter size Maximum safe operating capacity
(inches) (gpm)
20
30
1
1- 100
2 160
3
4 .. ________. 500
6 1000
153. What efficiency should be expected from small diameter meters?
Above 90% at 1/4 gprn
154. flow much unaccounted for water is allowable in a zc'eli-operated
s,'stem?
Any well-operated system should be able to account for at least
80 percent of water pumped, and some water systems are able to get
paid for as much as 90 percent of water pumped. Meter slippage
can account for as much as 5 percent to 10 percent loss. The rest
would probably be in leaky mains or service pipes. Unmetered
water, used in flushing streets, sewers, and dead ends, as well as in
fighting fires, should not be classified as unaccounted for water.
CONTAMINATION AND DISINFECTION
155. What is a cross connection?
A cross connection is a physical connection to another and un-
safe or doubtful source of water or a condition that will permit waste
water to enter the potable water supply.58 ENGINEERING EXPERIMENT STATION CIRCULAR 16
156. What is meant by "backsiphonage" and what conditions must
exist to cause it to occur?
"Backsiphonage" is a condition that would occur if there were
an indirect or direct connection to a polluted or contaminated supply
the water supply being normally under pressure could be drawn
off until the pressure became low enough to draw in the contaminated
supply.
157. Will a check valve between a potable supply and an unpotable
one suffice to stop a cross connection?
In dealing with cross connections, a check valve is not con-
sidered adequate. Sometimes two check valves with a drain between
are allowed, but it is good practice to eliminate the cross connection
if at all possible.
158. How may water mains be contaminated?
(a) Pipe may be contaminated at the factory or the ends may
come in contact with fecal matter, contaminated soil, or other im-
purities during transportation or construction.
(b) Pipe jointing materials may be contaminated.
(c) During construction the trench may become flooded with
sewage.
(d) Workmen who are careless about personal habits may also
be carriers of disease germs and could cause a serious outbreak of
disease.
(e) Small animals may get trapped in the line.
(f) Unsafe water may be used for testing the line.
159. Why chlorinate a main?
During building, transporting, or laying the line, there is a
possibility of contamination.
CIVIL DEFENSE
160. How is the water works operator "tied in" with Civil Defense?
In any case of emergency, whether it is a local disaster or a
national emergency, the water works system should be ready to meet
all demands. It is the responsibility of the water works operator to
(a) Maintain water service in emergencies.
(b) Provide increased needs forfireprotection, emergency
shelters, hospitals, etc.
(c) Plan and help develop alternate sources in an emergency.
(d) Arrange transportation of water if the system fails.WATER WORKS OPERATORS' MANUAL 59
(e) Keep up on biological and atomic warfare inasmuch as it
affects water supply.
161. What measuring device is usually used to detect radioactivit''?
The Geiger counter.
162. With what form of disaster, other than bombing, might the
water works man be concerned?
Any biological, chemical, or radiological attack could seriously
affect an entire water system, and it would be difficult to detect and
fight.It is better then to prepare in advance against the possibilities
of contamination by this method.
Sabotage of any form could cause the water works man a great
deal of difficulty, because damage is usually clone before the effects
are noted.
IV. Questions and Answers for Wafer
Works Operators, Grade II
MATHEMATICS REVIEW, ARITHMETIC
1. Find the volume of a cylindrical tank 15 feet internal diameter
and 12 feet high, in cubic feet and in gallons.
Volume of cylindrical tank = (area of base) (height of tank)
= [(7r/4)(diameter)2][height]
= (O.7854)(l5ft)(lSft)(l2ft)
= 2120 cubic feet
= (2120 cu ft) (7.48 gal/cu ft)
= 15,858 gallons
2. If valves were spaced 500 feet apart in a 12-inch line and a
leak developed between the valves, how much water would have to
be pumped out of the line tofixthe leak in the dry?
Volume of water(internal area of pipe) (length of pipe)
[(r/4)(diameter)2][length]
= (0.7854)(12)(500)
7.48 gal
= 393 cu ft
cu ft
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3. In digging a trench 3-1/2 feet in width and 8 feet in depth,
1244-4/9 cubic yards of earth were excavated. What is the length
of the trench?
Cross-sectional area of trench = (3-1/2 ft) (8 ft)
= 28 sq ft
(28 sq ft)
sqyd
(9 sq ft)
= 3-1/9 sqyd
volume in cu yd
Length of trench
area in sq yd
1244-4/9
3-1/9
11200
28
400 yds, or 1200 ft
4. What pressure in pounds per square inch would be exerted
on a closed valve located a vertical distance of 25 feet below the water
surface of a reservoir? If the valve is 12 inches in diameter, what
is the total pressure on it?
Pressure intensity in psiwh/144
(62.4 lb)(25 ft)sq ft
cu ft(144 sq in.)
0.433(25)
1O.8S psi
Total pressure = (pressure in psi) (area in sq in.)
(10.83
lb
-(12)2sqin.
sqin. 4
= (10.83) (0.7854) (144)
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5. What is the area of a triangle whose three sides are a = 15,
b = 20, and c = 25 feet, respectively?
The formula for the area of a triangle whose three sides are
known is
A=Vs(s-a) (s-b) (s-c)
where s equals the sum of the three sides, a + b + c, divided by 2.
S =a+b+c
7
15 + 20 + 25
7
=30sa=30-15
=15 sb=30-20
=10sc=30-25
=5
A=V30(15)(10)(5)150
= V22500 'V22500
1
25 = 150 sq ft 125
000
MATHEMATICS REVIEW, GEOMETRY
6. What is the "Pythagocan theorem"?
The "Pythagorean theorem" s t a t e s
Bthat the sum of the squares of the
sides of a right triangle equals the
square of the hypotenuse of the tn-
CHYPOT
angle.
A
a2+b2 = c262 ENGINEERING EXPERIMENT STATION CIRCULAR 16
7. A pipe line is to run diagonally across a rectangular plot of
land. If you know the lengths of the two sides of the plot, how do
you find the length of the pipe line? The known sides are 400 feet
and 300 feet.
The "Pythagorean theorem" will work in this case.
Length of pipe line= V(300)2 +(400)2
= V90,000 + 160,000
=V250,000
- 500 feet
MATHEMATICS REVIEW, TRIGONOMETRY
8. How may the trigonometric functions be derived?
In most cases it is too difficult to derive the functions, and it is
better to use tables; but some triangles have easy functions to derive.
The 45°, 45°, 90° may be used as an example. If the sides a and
b each equal 1 unit, then by the Pythagorean theorem the hypotenuse
c=V2, and
B a b 1
sin 45° =or
c cV2
b a 1
cos 45° = - or =---=0.707
c cV2
a b 1
tan 45° =or -=-= 1
b a 1
A 30°, 60°, 90° triangle is a good example since it is half of an
equilateral, equiangular triangle.
Assume each side of ABD to equal 2 units, then side c=2,
side b = 1, and side a=V3
B sin 30°=1/2=0.500
cos 30°=V3/2=0.866
tan 30°=1/i/3=0.577
sin 60°=V3/2=0.866
cos60°=1/2=0.500
tan 60°=V3/1=1.732WATER WORKS OPERATORS' MANUAL 63
9. A water line is to be laid on a hill with a 10° slope. A map of
the area shows the horizontal length as 1200 feet. How much pipe
would be required for the line?
The angle (10°) is known, and the horizontal distance (adja-
cent side) is known. The slope distance (hypotenuse) is required.
From tables, cos 10° = 0.9848 1.
The cosine is a function of the sides of the triangle, and
1200 ft
cos 10°
length of pipe
1200
length of pipe
cos 10°
1200
0.9848
= 1220 feet
10. How could you find the width of a stream without crossing
the stream?
Pick points B and C along the bank an
easy distance to measure, say 200 feet.
Pick A so that the angle at C is a right
angle. Measure the angle at B and com-
pute the distance AC.
If CB200 ft and angle B=300
AC-=tan B
BC
then AC=(BC) (tan B)
=(200) (tan 30°)
=(200) (0.577)
=115.4 ft64 ENGINEERING EXPERIMENT STATION CIRCULAR16
PHYSICS
11. Abarrel weighing 400 lb is being rolled up onto a truck. What
isthe minimum push required if the plank is 10 feet long and the
body of the truck is 2.25 feet above the ground?
F 4001b
2.25 10
F = 90 lb
12.The coefficient of friction of a wall on its foundation is 0.6. If
a section of the wall weighs 2500 lb. what is its resistance to sliding?
From problem35,Grade III, F = fN where F is resistance to
sliding, f is the coefficient of friction, and N is the weight of the
wall.
F =0.6(2500)
= 1500 lb
13.(a) What is the force required on a rope passed over a single
pulley if a 250 lb weight is attached to the other end of the rope?
(b) How much force is required if a movable pulley is put on the
weight?
(a) The rope over a single pulley merely gives a change in
direction with no mechanical advantage, and the force required would
be250lb.
(b) If a movable pulley is attached to the weight and one end
of the rope is tied to the upper pulley or to a solid anchor, two ropes
are pulling and the mechanical advantage is two. The force required
would be125lb.
14. What are the elementary concepts of straight line motion?
(a) Positiona body or point definitely located in space by
reference to some origin of coordinates.
(b) Displacement (s).a change in position and is a vector
quantity (has both direction and magnitude).
(c) Velocity (V) .the time rate of change of position.It is
also a vector quantity. There are two types:
(1) Average velocity (V) equals total displacement divided
by the time for the displacement.
(2)Instantaneous Svery small displacement
velocity (V)
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(d) Acceleration (a).time rate of change of velocity.
(e) Types of motion
(1) Uniform(constantvelocity)displacement velocity
times time S Vt
(2) Uniformly accelerated linear motion (illustrated by free-
ly falling bodies)
Velocity = initial velocity plus acceleration
times time
V= Vo+at
Displacement = initialvelocity times time plus
1/2 acceleration times time squared,
S =Vot-}- 1/2at2
Velocity squared = initial velocity squared plus twice
acceleration times displacement,
V2 = V02+ 2as
15. What are Newton's three laws of motion?
(a) A body at rest or moving with uniform velocity continues
so to move unless a force acts upon it.
(b) If a force is applied to a body, the body acquires an ac-
celeration in the direction in which the force acts and proportional
in magnitude to it.The law is usually stated as force equals mass
times acceleration (F = Ma).
(c) To every force there is an equal and opposite reaction
force.
16. What are the basic units of force in both the metric and the
English systems?
1 gram force = 980.6 gram masscm/sec2
1 pound force = 32.17 pound massft/sec2
17. What is work? Energy? Power?
Work done on a body is the product of the force acting on the
body and the displacement of the body, or W = Fs.
When a body has the capacity to do work, itis said to have
energy. Energy due to position is called potential energy, and energy
due to motion is called kinetic energy. The law of conservation of
energy states that in no ordinary mechanical process can energy
either be created or destroyed.
Power is the time rate of doing work, P = W/t. The horse-
power is 550 ft-lb per second.66 ENGINEERING EXPERIMENT STATION CIRCULAR 16
WATER TESTS
18. What are four physical tests for water quality?
Color, odor, turbidity, and temperature.
19. What causes turbidity?
It is due to suspended clay, silt, finely divided organic matter,
microscopic organisms, and similar materials.
20. How can turbidity be measured?
(a) Turbidities below 5 ppm can be measured by the Baylis
or S. Louis types of turbidimeter.
(b) Turbidities from 5 to 25 ppm can be measured by com-
parison with standard suspensions in nessler tubes.
(c) Turbidities from 25 to 100 ppm can be measured with the
Jackson candle turbidimeter.
In all cases commercial turbidimeters can be used if they are
calibrated against the candle turbidimeter.
21. What is the standard unit of color?
The standard unit of color is that produced by 1 mg of platinum
per liter.
22. What are the three forms of alkalinity in a solution?
Alkalinity may exist in a solution as hydroxides (OH), car-
bonates (CO3), or bicarbonates (HCO3).
23. In an acidity test phenolpthalein indicator is added and sodium
hydroxide (O.02N) is added from a burette until the first permanent
pink appears.flow is the total acidity expressed?
If a 100 in sample is used, the total acidity equals the ml of
0.02N Na OH>< 10, and is expressed as ppm Ca CO3.
24. I/ow is pH measured?
(a) Colorimetrically
(1) Standard color discs and indicators
(2) Standard comparison tubes and indicators
(3) Titration
(b) Electrically
(1) A-C operated pH meters
(2) D-C operated pH meters
The scale of measurement uses a value of 7.0 for pure water
which is considered neutral. An acid solution becomes more acid
as its pH goes from 7 to 0. A basic solution becomes more basic
as its pH goes from 7 to 14.WATER WORKS OPERATORS' MANTAL 67
25.Why are color methods sometimes inadequate?
The water may have an interfering color of its own for the
pH range. The turbidity of the water may make comparison difficult.
Various operators have different degrees of color perception.
26.What is the value of a chloride test?
If a chloride test showed a high concentration of chlorides, it
might indicate that the water was contaminated by sewage, or in case
of a deep well or a supply in a coastal area, it would indicate infiltra-
tion of sea water.
27.What is the meaning of MPN?
MPN is a term used in the water works field as a statistical
number showing the most probable number of coliform organisms
per 100 milliliters of sample.Tables showing MPN for various
combinations are given in Standard Methods for the Examination
of Water and Sewage.
HYDRAULICS
28.What is the maximum suction or vacuum that can be attained
at sea level?
The maximum suction at sea level is 34 feet, but it is usually
not possible to use more than25feet of the suction head for a
centrifugal pump.
29.What is the main cause of water hammer in a pipe line?
The main cause is closing a valve too rapidly.This sets up
a wave which travels through the pipe and causes a severe pound-
ing that can damage a pipe line or fittings.
30. Can satisfactory service be given to one or more customers
through 500 feet of 3/4 inch pipe, starting at 50 pounds per square
inch pressure?
Assume the elevation at the entrance equals the elevation at
the end of the service.= z. Satisfactory service usually cannot
be given if the pressure is under25psi. Assume head loss at en-
trance is zero and f = 40/1000.
p = wh
it =p/w68 ENGINEERING EXPERIMENT STATION CIRCULAR 16
2.31 ft of head
pj/w = (50 psi)
psi
115.5 ft of water
p2/w(25) (2.31)
= 57.8 ft of water
P1-P2
Total available head =
w
= 57.7 ft
Potential energy at (1) = kinetic energy at (2) + losses
V2
H = +hL(1-2)
2g
V2fLy2 =-+--
2gd2g
but since the velocities of (1) and (2) are the same, there is no
velocity head, and
fLV2
H
d 2g
V2 H
fL/d
58.25
40(500)
1000 (3/4)(1/12)
58.25
20(16)
0.182 ft
V = V64.4(0.182)
= 8V0.182
= 3.41 ft/secWATER WORKS OPERATORS' MANUAL 69
Q=AV
=G)
= 0.7854 (3.41)
48
12
0.7854 (3.41)
16
0.0105 cfs
0.0105 cu ft(60 sec)(7.48 gal)
sec mm CUft
4.7 gpm
It would be impossible to provide adequate service through this
size of line.
31. Name the water measuring devices ordinarily used in the water
works field.
(a) Displacement meters
(b) Propeller meters
(c) Venturi meters
(d) Orifice meters
(e) Weirs
(f) Parshall flumes
(g) Calibrated velocity meters.
ELECTRICITY
32.Awater works pumping station for a city of 3,000 population
is to be electrically equipped for power and light. The power is to
be taken from the high tension lines near the pumping station. These
lines carry current at 33,000 volts, three phase, 60 ctcles on three
wire feeders. If induction motors are to be used on the pumps, (a)
What voltage should you use for operating them? (b) What volt-
age would you use for the lighting circuit inthe building? (c)
What electrical equipment should you install for the feeder line to
each pump so that it can receive the proper current and be protected
against overloads, lightning, etc?
(a) Assuming that the head of water to pump against were
such that two 25 hp pumps were required, the voltage should be cut
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(b) Lighting should be 110 v to fit standard equipment.
(c) (1) A transformer would be necessary to step down the
current from 33,000 to 220 volts.
(2) Relays and circuit breakers would be required to break
the current in case of trouble.
(3) Switchboards would be needed to include starting de-
vices, relays, and meters for recording and indicating
services.
(4) A ground is usually required.
(5) A lightning arrestor is required in someareas.
WATER WORKS MATERIALS
33. How do asphalt and concrete compare as materials for lining
reservoirs, storm channels, or canals?
Both materials have common advantages
(a) They can be submerged in water for manyyears without
deterioration.
(b) They will withstand alternate wetting and drying.
(c) They will withstand erosion.
(d) They are practically impermeable.
Concrete has the added advantage that it can be reinforced and
will stand vertically. Asphalt is cheaper in most cases. The choice
of materials should never be made without an adequate engineering
survey to determine availability of materials and their relative costs.
TRANSMISSION, GRAVITY
34. What is the best shape for a canal?
A semicircle is the most economical section hydraulically, since
it gives a maximum hydraulic radius (area divided by the wetted
perimeter) for a given cross-sectional area.
A trapezoidal section is easier to construct and maintain and
approaches a semicircle close enough to be more economical in most
cases.
35. What determines the best material for pipe lines in a particular
instance?
Materials used may be concrete, cast iron, steel, wood, asbestos
cement, or a combination of these.
The following conditions affect the choice of material:
(a) Expected length of life of the pipe line
(b) Annual cost(first cost, operation, maintenance, and de-
preciation)WATER WORKS OPERATORS' MANUAL 71
(c) Suitability for conditions (soil, water, loads, and pressures)
(d) Ease of transportation
(e) Accessibility of site
(f) Type of labor available.
TRANSMISSION, PUMPING
36. Does intermittent operation of a pump wear it out faster than
continuous operation?
Intermittent operation causes more load to be put on thrust
bearings and wears the pump faster.
37.What affect does sand have on a pump?
Sand is an abrasive and tends to cut out the impellers and
change the characteristics of the pump.
COAGULANTS
38.Name some of the chemicals that are used in water treatment
as coagulants.
(a) Aluminum sulfate (sulfate of alumina or alum)
(b) Potassium or ammonium alum
(c) Sodium aluminate
(d) Aluminum chloride
(e) Ferric chloride
(f) Ferrous sulfate (copperas) and lime
(g) Chlorinated copperas
(h) Ferric sulfate.
SEDIMENTATION
39.What is the detention period for a sedimentation basin?
The detention period is the time required to fill a basin at a given
rate of flow. The average detention time in theUS is about 6 hours.
Another term that is used to find the efficiency of the basin is
the "flowing-through period" which is the average time for asmall
unit volume to pass through a basin at a given rate offlow. This
time divided by detention time and multiplied by one hundredgives
the "efficiency of displacement" of the basin.
40. What types of basins are used for sedimentation?
(a) Rectangular (sloping bottoms for cleaning)
(1) Straight flow
(2) Baffled
(3)Vertical flow
(b) Circular (outward flow).72 ENGINEERING EXPERIMENT STATION CIRCULAR 16
SOFTENING
41. If excess hardness in the water is a problem fora certain area,
what methods may be used to soften the water?
Hard water can be softened by a treatment which changes
calcium and magnesium compound from a soluble toan insoluble
form and allows the insoluble compounds to be removed by settling
or filtration or by a process that replaces the calcium and magnesium
ions with sodium ions.
Three processes for softening water are:
(a) Lime-soda as process
(b) Zeolite process
(c) Ion exchange process.
RESERVOIRS
42. What are the purposes of reservoirs?
Reservoirs may be used for,
(a) Storing water for fire protection or other emergency
(b) Equalizing pressures in the distribution system
(c) Furnishing pressure to high level areas.
43. What types of reservoirs are used in water supply systems?
(a) Concrete or earth fill basins with or without lining
(b) Wood, concrete, or steel tanks
(c) Standpipes.
44. Name someofthe advantages and disadvantages of covered
reservoirs versus open reservoirs.
Covered Open
No fishing problems Easily polluted
No algae problems, fungi can grow Algae has chance to grow
Consistent temperature Can heat in sunshine
Difficult to clean, but does not Easier to clean, but needs
need cleaning often frequent cleaning
High initial cost Lower initial cost
Color consistent Color may bleach out
No insect problem if properly built Insect problem
Rodent problemWATER WORKS OPERATORS' MANUAL 73
45.How far should a reservoir fence be placed from the reservoir
which it protects?
At least beyond throwing distance so that the water cannot be
polluted with materials thrown in by children or unthinking adults.
46. How often should a reservoir be washed?
The wash time depends to a great extent on the organic material
entering, the growths encountered, insect larvae, and other contamina-
tion or pollution.It is probably good practice to wash the reservoir
at least twice a year.
47. Describe the sanitary precautions to take in washing a reservoir.
Be sure the outlet valve to the distribution system is closed while
you are washing down.Clean off all algae growths and copper
sulfate from the sides of the reservoir, if needed.
The reservoir should be rinsed with chlorine solution or filled
with water with high chlorine content, allowed to stand, drained, and
refilled.
48.How can a leaky concrete tank be repaired?
Each tank is an individual problem and should be carefully in-
spected to see if settlement is still continuing. The underdrain system
should be inspected to be sure it is working. If the tank is found to
be stable, a water-proofing cement or a bituminous compound forced
into the cracks will usually stop leaking. A "gunite" concrete lining
or a sprayed asphalt membrane have been used in certain cases.
PIPING
49.If you were to serve a new group of 40 homes at a short ths-
tance from an adequate arterial main, what factors will enter into
your selection of the size of main extension to feed thisarea?
(a) The type of homes on the area (large or small, automatic
washers, radiant heat, garbage disposers, hot water use, etc)
(b) The size of lots (gardens or lawns)
(c) The fire risk value of the district
(d) The economical aspects of the problem
(e) Expansion of the section.
50.What type of joints may be used for water lines?
(a) Steel pipe
(1) Welded joint (electric or acetylene)
(2) Threaded and coupled
(3)Flanged74 ENGINEERING EXPERIMENT STATION CIRCULAR 16
(4) Couplings (Dresser, Vitaulic, Pierce, etc)
(b) Asbestos-cement pipe
(1) Couplings same as steel pipe
(2) Sleeves with rubber gaskets
(3) Caulked joints at fittings, values, etc
(c) Cast iron pipe
(1) Open bell and spigot pipe caulked joints
(2) Mechanical joints
(3) Couplings
(4) Universal pipe (bolted)
(5) Flanged
(6) Ball and socket joints for under water
(d) Wood pipes
(1) Tongue and groove
(2) Sleeve and rings.
51. What are the common caulking materials?
(a) Packing materials
(1) Jute 1 not recommended (2) Hemp)
(3) Oakum
(4) Paper
(5)Asbestos
(6) Rubber (tube or rings)
(7) Rawhide
(8) Rope
(b) Joint materials
(1) Lead
(2) Lead wool
(3) Sulphur compounds
(4) Cement
The only caulking materials allowed by AWWA Specification
7d.1-T are (1) molded or tubular rubber rings, '(2) asbestos rope,
and (3) treated paper rope.
52. Why are jute and hemp not recommended as suitable materials
for water pipe joints?
Due to their fibrous structure they are difficult to sterilize and
they form a good breeding place for bacteria.
53. Why is it better to lay pipe uphill than downhill?
It is easier to keep the ends together while the joints are being
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54. What are some objections to cement caulked joints?
Cement joints should not be installed when there is water around
the joint. They have to set a minimum of 12 hours before they are
useable.It is difficult to repair joint, and the joints will not take
settlement or change in alignment.
55. What are some of the inherent difficulties in lead caulked joints?
Lead joints are difficult and dangerous to make when water is
present inside or outside of the pipe, they are difficult to make if
pipe is cold (especially on larger sizes), and they will work loose if
there is heavy vibration.
56. What are some of the troubles that result from precaulked lead
joints?
Precaulked joints do not store well for long periods of time, they
are subject to leakage under heavy vibration, and they do not readily
lie on curves.
57. What are some advantages of mechanical joint pipe?
(a) It is fast to install.
(b) It allows for expansion.
(c) It is easy to repair.
(d) It can be made with common labor.
58. What is the current attitude toward sulphur compound joints?
There is some danger of the bell cracking due to an inelastic
joint.Corrosion may be caused by joints but appears to be a func-
tion of pipe thickness and method of manufacture. The joints are
simple to make since they are self caulking.
Joints properly constructed with rubber ring and sulphur com-
pound will be relatively trouble free unless the soil is such that it
attacks cast iron itself.
59. Have recent earthquake experiences in the Northwest affected
pipe joint construction?
Several of the more rigid joints, such as cement and sulphur
compound, failed to hold and had to be replaced. The tendency has
been to use a less rigid joint where possible.
60. How may dangerous expansion and contraction in a pipe line
be prevented?
If possible, the pipe should be buried deep enough to keep a
fairly constant temperature. If it is impossible to prevent expansion,
expansion joints may be put in at intervals to prevent damage to the
line.76 ENGINEERING EXPERIMENT STATION CIRCULAR 16
FITTINGS
61. What is the function of an air-relief valve?
To relieve accumulated air in the system so it cannot cause an
air lock in the line. Air bubbles will also cut down the quantity of
flow in a line.
62. Why are air-release and vacuum-relief valves usually combined
in one mechanism?
A water line usually requires both types of valves at various
periods of operation, and it is more economical to combine the two.
63. Why are air valves not generally used on a distribution system?
What replaces them?
Most service taps are made in the top of the main and act as
an air relief for any accumulated air.
64. Is the "Mueller" thread on a corporation stop a "standard pipe
thread"?
No, the "Mueller" thread has more taper to get a tighter fit in
the line and more thread engaged in a thin pipe.
65. How can the cost of auxiliary valves on fire hydrants be
justified?
No hydrant should ever be installed without an auxiliary or
ground valve, as maintenance is possible without interruption of
service. A broken hydrant could cause much property damage and
deplete storage. Emergency repairs could result in expensive over-
time pay.
66. What, in general, determines the size and type of fire hydrants
installed?
The value of the district as rated by the National Board of Fire
Underwriters usually determines the size and type. The NBFU rec-
ommends 75 psi if more than 10 buildings exceed 3 stories in height;
60 psi in localities with less risk; and 50 psi in less built-up dis-
tricts. With fire pumpers a pressure of 20 psi may be allowed if con-
ditions warrant it.Six-inch mains are the minimum allowed for fire
protection.
67. What is the expected flow in gallons per minute from a fire
nozzle with hose attached to a hydrant in a well gridded system?
Approximately 225 to 250 gpm for a 1-1/8 inch smooth nozzle.WATER WORKS OPERATORS' MANUAL 77
68. Explain in detail how a hydrant should be set and back filled.
Hydrants should be setatstreet intersections or atstreet
and alley intersections at a depth of main of 36 inches or more, de-
pending on climate. The location would depend on the location and
type of buildings in the area. Hydrants should be set in loose gravel
or crushed rock for good drainage, and should be well blocked to
stand pressures and careless motorists. The ground line is usually
marked on most hydrants.
69. Why are tees, ells, crosses, and V's used freely rather than
special connections?
Special connections have to have special molds and involve extra
labor and design so that as a rule their cost is prohibitive. Regular
fittings are produced on a mass production basis, and as a result are
much cheaper.
METERS
70. What effect does metering have on total water consumption?
It will usually tend to decrease consumption because people do
not like to pay high water bills and will try to save water.
71. Why is it important to have a complete metering system on in-
coming, outgoing, and sold to customer water?
(a) It is easier to locate leaks in lines.
(b) Water rates can be determined more fairly.
(c) Illegal connections can be traced.
(d) Excess waste can be curbed.
(e) Water use can be controlled in an emergency.
72. What is the importance of keeping meters in good repair?
Disc type meters will never run fast, but they will show less
flow if they are out of adjustment. It is to the advantage of the de-
partment to keep the meters in adjustment.If the consumer com-
plains about his bill, it is good to be able to show a periodic check
on the meters.
73. What is the usual method of testing meters for accuracy?
The volumetric method is considered best for meter testing be-
cause orifices wear so that accuracy is lost unless they are calibrated
frequently. Weight methods are the most accurate, but are unwieldy
for meter testing.
Tests should be made at full flow, intermediate flow, and mini-
mum flow (less thai 1/4 gpm).78 ENGINEERING EXPERIMENT STATION CIRCULAR 16
CONTAMINATION AND DISINFECTION
74. What would be the procedure for chlorinating a newly laid line?
(a) The line should be flushed, drained, and refilled.
(b) A dosage of 50 ppm available chlorine (minimum) is put
into the line and left for at least three hours.
(1) Chlorine gas-water mixture
(2) A solution of calcium hypochiorite (HTH, Perchioron,
Maxochior, etc)
(3) Dry hypochlorite or chlorinated lime
(c) At the end of the contact period the residual should be
at least S ppm.
(d) The line should be flushed until no odor of chlorine
remains.
(e) All valves and fittings must have been exposed to the action
of the chlorine.
(f) If the water stillis not pure, the procedure should be
repeated.
75. How could you be positive the chlorination of a water main
has been effective?
By running MPN and total count on several samples.
76. If you used a powdered form of hypochiorite, would you inject
it as a powder or in solution?
It is best to use a one per cent solution in order to get more
even distribution of the chlorine.
77. What measures would you take to safeguard a broken main
from contamination, both prior to the break and during the repair
which required replacement of a section of cast iron pipe? Assume
the main to be adjacent to a drainage ditch carrying septic tank
drainage.
The drainage ditch should be at a lower level. than the pipe and
at least 10 feet away from it.When a break occurs, the excess
water should be pumped away as soon as it is possible. The repair
ditch should be dug below the pipe to form a sump for pumping.
The new section should be clean and should be sterilized after it is
in place.WATER WORKS OPERATORS' MANUAL 79
78. Calculate the amount of Perchioron (70% available chlorine)
required to sterilize 4000 feet of 16-inch main.
Not less than 50 ppm of available chlorine with a 3-hour deten-
tion time is required for sterilization.Chlorine requirements can-
not be stated precisely, due to wide variations in chlorine consump-
tion of individual waters.Before disinfecting, the pipe should be
flushed, drained, and refilled.
162
Volume of water in pipe = (4000 feet) (7r/4) sq ft
122
(4000) (/4) (4/3)2
1000 (3. 1416) ( 16/9)
= 5,585 cubic feet
Weight of water = (5,585 cu ft) (62.5 lb/cu ft)
= 349,000 pounds
By proportions: (for a concentration of 50 ppm)
weight of chlorine 50 pounds of chlorine
weight of water 1,000,0000 pounds of water
(50) (349,900)
weight of chlorine =
1,000,000
17.5 lb
weight of Perchloron 17.5
(70% available chlorine) =
0.70
25 pounds
An empirical rule often used is that of adding one pound of
HTH powder for every 1680 gallons of water in the pipe in order
to get a concentration of 50 ppm.
REPAIR AND MAINTENANCE
79. How often and at what time of year should a distribution
system be fiushedY
A distribution system should be flushed from all dead ends
and hydrants and all valves checked twice a year (in the late fall
and in the spring).80 ENGINEERING EXPERIMENT STATION CIRCULAR 16
80. What is the most important feature of the design of a distribu-
tion system so far as repair work is concerned?
Valves must be arranged so that any repair or maintenance
work can be done without having to shut off more than 800 feet
in high value districts, and 1000 feet in other districts.
81. What pressures should be maintained in city water mains?
Water pressure should be suited to customer use. Good ser-
vice cannot be given in any water system with pressures under 25
psi, and pressures over 100 psi are not normally good practice.
82. What work is involved in the maintenance of a distribution
system?
(a) Keeping records
(b) Locating, cleaning, and flushing pipes
(c) Installing, cleaning, and thawing service pipes
(d) Preventing waste
(e) Thawing, repairing frozen pipes, hydrants, and meters
(f) Inspecting,caringfor, and repairing hydrants,valves,
meters, and other appurtenances
83. What are some of the methods used for finding leaks in a pipe
line?
(a) Direct observation (usually good only for a gusher)
(b) Sounding rod
(c) Hydraulic grade line
(d) Water hammer
(e) Blowing air into the pipe
(f) Putting dye or salt into the water
(g) Measuring the volume of water required to fill the pipe
(h) Listening either directly, or indirectly with an amplifier,
for the sound of the leak
84. What are the main causes of injury to fire hydrants?
(a) Breakage by traffic
(b) Injury through carelessness, ignorance, or abuse
(c) FreezingWATER WORKS OPERATORS' MANTAL 81
PERSONNEL SAFETY
85.What are some of the normal hazards the water works operator
encounters, and what can he do to eliminate the hazards?
Hazard
Automobile accidents ..............................
Lifting injuries
Eyeinjuries ..............................................
Slips and falls..........................................
Chemical burns
Electric shocks........................................
Fire............................................................
Dogbites....................................................
Dermatitis..................................................
Weed poisoning ........................................
Correction
Slow down and drive carefully.
Learn the correct way to lift, and
have enough help to handle the job.
Wear goggles or use shields.
Do not oil machinery while it is in
motion.
Do not leave debris on shop floors.
Have handrails on stairways.
Use proper tools for job.
Keep ladders in repair.
Put up barricades around open
holes.
Pick up broken glass, nails,etc.
Wear protective clothing.
Wear masks and respirators.
Be sure all cords are insulated.
If you are not sure, do not touch!
Keep litter off floors.
Keep electrical appliances properly
fused and insulated.
See a doctor.
Wash after working in mud, dust,
or around chemicals.
Do not use soaps that remove na-
tural oils from the skin.
See a doctor.
LAWS AND LEGAL PROBLEMS
86. What is the legal responsibility of a person in charge of water
supply in case of an epidemic that could have resulted from water
borne organisms?
To prevent further outbreaks, he should make sure that every
precaution is taken to eliminate contamination and should keep a
chlorine residual in his lines. He should send samples of the sus-
pected water to the Oregon State Board of Health so that they can
see if the water is causing the disease.82 ENGINEERING EXPERIMENT STATION CIRCULAR 16
87. Will written notice to a customer that water is not chlorinated
before he uses it discharge the responsibility of the supplier?
No, the statutes require the supplier to furnish potable water
that is free from harmful bacteria.
88. If water from a private supply is piped into a rented house, can
the landlord be held responsible for its purity?
He can be held responsible if he has not taken every reasonable
precaution to insure the purity of the water.
89. If water from a public supply is piped into a building, who can
be held responsible for its purity?
The officials in charge of the public water supply are responsible
for furnishing pure water to the meter or property line.
90. How can those responsible for a public water supply protect
themselves from liability?
They can eliminate all sources of contamination, keep a good
residual chlorine throughout the system, and keep close check on
the bacteriological purity of water. A continuous record of all tests
and a diary of work completed would be accepted as evidence in
court to show reasonable care.
91. Can a city be held liable for damages if a case of typhoid or
dysentery were traced to a contaminated supply?
Several court decisions have held that the city was responsible
because they did not use reasonable care in preventing contamination.
The theory was that if they had used reasonable care, they would
have known the contamination existed.
92. May a city be held responsible if iron or manganese in the water
causes stains in the clothes in a laundry served by the water system?
Ordinarily a city contracts to furnish a quantity of water to a
laundry and cannot be held liable for chemical quality unless a cer-
tain quality is stipulated in the agreement.
93. What are the Oregon laws relating to the formation of water
districts?
The Oregon State Board of Health has published a mimeo-
graphed pamphlet entitled, "Oregon Compiled Laws Annotated,
Related to Incorporation for Purpose of Constructing and Operat-
ing Work Systems," in 1941. Several amendments have been added
since 1941, and a list of these amendments is attached to the pamphlet
to facilitate looking up the full statute.WATER WORKS OPERATORS' MANUAL 83
PUBLIC RELATIONS
94.What is meant by public relations?
Public relations may be defined as creating a mutual under-
standing between an organization and the people whom it serves
and with whom it has other relations.Because the public is both
"master" and "clientele," all public officials must sell their ideas or
services to the public.People can be difficult, argumentative, and
sometimes discourteous; and they can make up their minds on
peculiar evidence. As a water works operator, you may be held
responsible by the public for such difficulties as a small leak, any
off-color, slight taste, or even a bug that might crawl into a faucet
and then be washed out into a drinking glass. You cannot discipline
the neighborhood boy who takes your tools and doesn't know where
he put them. You must remember that all of the customers are people
and that all people are potential customers.If you always appear
happy and are always polite and helpful, it makes customers feel
that they are getting more than just plain, ordinary water. Good
public relations is very important.
95.Who are the "good-will" agents in a water system?
Every man in the department is a good-will agent for the de-
partment, but the meter readers and repair crew can do more good
or more damage for the system than anyone else. The meter reader
sees most of the customers and receives a lot of complaints. His
personality and his answers to questions mean a great deal to the
customer. At that moment the meter reader is the water department.
In the customer's mind, what he says is the rule of the depart-
ment.Repair and maintenance crews are in a position to cause
enough bad feeling in one day to upset years of public relations
efforts.
96.How would a knowledge of the art of public speaking help the
water superintendent?
The water superintendent has to deal not only with individual
customers, but also with civic organizations and other groups. It is
important that he be able to speak to the groups if he has need of
their cooperation.It is doubly important that he be able to speak
up at council meetings and present plans so that his department can
obtain money and materials necessary for operation.84 ENGINEERING EXPERIMENT STATION CIRCULAR 16
FINANCING
97. How may money be raised for financing water works?
(a) Revenue from sale of water or from services
(b) Direct taxation
(c) Special assessments
(d) The sale of general-obligation tax bonds
(e) The sale of revenue bonds
(f) Governmental grant or loan
(g) The sale of bonds secured by mortgage
(h) The sale of stock in the enterprise
The last two are ordinarily used only for private systems.
98. Can funds from the sale of bonds be used for operating
expense?
All operation and maintenance funds should come from income
from the sale of water or other services.Ordinarily, bond funds
cannot be used.
99. How should the financing program for operation, maintenance,
and small improvements be handled?
(a) The water department should have complete control of
revenues from sale of water and services, and should maintain a
good, long term budget and improvement plan.
(b) Rates should be high enough to cover operation, mainten-
ance, equipment, needed extensions, etc, and to provide a sufficient
fund at all times to meet emergencies.
(c) Keep all equipment and facilities in good condition to avoid
excess labor costs.
100. What is a sinking fund?
A sinking fund is the total of sums of money set aside, usually
at fixed intervals, and deposited or invested to pay off a debt or to
build a new project.
101. What factors should be included in an advertisement for the
sale of bonds?
Prepare a mailing list of buyers and send out a notice of sale,
the technical description of legal security, and a short, concise de-
scription of the basic facts about the water system and the com-
munity.VVATER WORKS OPERATORS' MANUAL 85
WATER RATES
102. What factors are usuall'v considered in determining water rates?
(a) Cost determined by a valuation of capital cost, operational
cost, value of fire protection, and depreciation of the water works
(b) The rate of water consumption
(c) The pressure required to supply the demand
(ci) The distance from supply to consumer
(e) The cost of treatment
(f) The percentage of loss of water
(g) The reserve capacity for fire, etc.
103. What methods are used to tix quantities for charges?
(a) Number of fixtures, faucets, or consumers on the service
(b) Number of rooms in the house
(c) The floor area of the building
(d) Meters.
104. How arc rates determined for public purposes such as fre
fighting, schools, parks, city buildings, etc?
In some cities water for public use is supplied free to such in-
stitutions, with the result that the burden of payment is on the water
consumers rather than on the taxpayer where it would normally
belong.It is best to meter the water and charge for it at the regular
residential rate or at a special rate. An annual charge is generally
made for each fire hydrant in a system.
105. In general, how do the rates outside the city compare with those
inside the city?
There is, in most cases, a rate increase which varies from one
per cent to 100 per cent; depending mostly on the type of supply, its
adequacy, and on the attitude of the municipal government. The most
popular increase seems to be from 25 per cent to 50 per cent. Several
Oregon cities charge a flat rate increase from $0.25 to $0.75 monthly.
106. What additional charges arc sometimes levied in conjunction
with water charges?
A sewer charge is often made to help pay for sewer extensions
and treatment facilities.The charge varies with the needs of the
city and temperament of the consumers.86 ENGINEERING EXPERIMENT STATION CIRCULAR 16
MAPS AND RECORDS
107.What records, other than financial, are essential for a water de-
partment to keep and use?
(a) Quantities of flow (incoming and metered water and sew-
age flows if possible)
(b) Maps ofallexistingfacilities(showing all pipe sizes,
valves, hydrants, services, etc)
(c) Equipment and parts inventories
(d) Repair records
(e) Water quality records
(f) Weather recordsstream flow records
(g) Operation records
(h) Construction drawings
(i) Records for future developments
108.Why is a record of total water supplied daily important?.
Any severe fluctuation in the record would indicate trouble in
the system. A check against meter records would indicate leaks or
other water losses.
109. What is the value of a good u p-to-date niap showing existing
facilities?
It speeds up finding broken or leaking mains. It helps in locat-
ing valves to cut off water in an emergency.It gives a general
picture of the system that aids in determining the size of mains, etc,
for extending the facilities.
110. Why is a record of water temperature throughout the'ear
important?
Records of the temperature of the raw water are desirable in the
operation of a purification plant because the character of the load
varies with temperature, and more coagulant is required by cool than
warm water.
In a lake or river, temperature records may help the operator
to get water from the best depth or location.
From a public relations standpoint, it is good to be able to show
that the water temperature is lower than the air temperature in
summer.
111. Why keep water quality records?
Because the water works department is responsible for purity
of water delivered, it is for their protection to have a record show-
ing that every reasonable effort has been made to produce good
water.VATERVORKSOI'EJATo!o' MANUAl, 87
V. Questions and Answers for Water
Works Operators, Grade I
MATHEMATICS REVIEW, ARITHMETIC
1. A settling basin is 25 feet wide, 80 feet long, and 12 feet deep.
The inow-outJ1ow are 520 gallons per minute (gpnij. What is the
approximate detention timeiitis assumed that there is no short
circuiting in the basin /
Volume = (length) (width) (depth)
= (25)(80)(12)
= 24.000 cu ft
= (24,000Cuft)(7.48 galcu ft)
= 180,000 gallons
volume
Detention time =
volume/unit time
volume
Q
V
0
180,000 gal
(520 gal/mm) (60 min/hr)
5.8 hours
2. Calculate the theoretical aiiioitnt of 11TH (70 percent available
chlorine) required to sterilize 1500 feet of 12-inch ID steel pipe.
I lain tama 50 ppm residual for 3 hours.
Volume of water = (internal area of pipe) (length of pipe
=
(1)2sq ft (1500 ft) \4 /
= (0.7854)(1500)
= 1180 cu ft
Weight of water = (1180 cu ft) (62.4 lb/cu ft)
= 73,600 lb88 ENGINEERING EXPERIMENT STATION CIRCULAR 16
Weight of chlorine 50 lb chlorine
Weight of water 1,000,000 lb water
(50) (73,600)
Weight of chlorine=
1,000,000
=3.68 pounds
3.68
Weight of HTH=
(70% Cl) 0.70
=5.26 pounds
MATHEMATICS REVIEW, ALGEBRA
3. A rectangular tank is to have an area of 8800 square feet and
the width isto be 30 feet less than the length.What are the
dimensions?
Let x equal the width of the tank and x + 30 equal the length
of the tank
(x)(x+30) 8800
x2+30z=8800
x2+ 30x8800 0 In this form the equation
is a quadratic and can be
solved for x by the use
of the quadratic formula,
orasitiscommonly
known "the Hindu
formula." It will solve any
equationoftheform,
ar2+ bx + e = 0.
b± Vb2-4ac
z =
2a
30± \/(30)2_4(1)(__8800)
2(1)
30± V900+35,200
2
30± \/36,100
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30± 190
2
= 110 or+80
Obviously, the dimension cannot be negative, so the width would
be 80 feet.
width = 80 feet
length = 80 + 30
= 110 feet
area = 8800 square feet (check)
The tank would be 80 >( 110 feet.
MATHEMATICS REVIEW, TRIGONOMETRY
4. How can a trianglc that is not a right triangle be handled?
There are three laws that will solve triangles that are not right
triangles:
a b c
(a) Law of sines=
sin Asin Bsin C
a+btanl/2(A+B)
(b) Law of tangents =ab tanl/2(AB)
(c) Law of cosines a2 = b2 +c22bc cos A
If a triangle has two sides 300 feet and 250 feet long and the
angle between the sides is 30°, what is the length of the third side?
Using the law of cosines
a2b2+ c2-2bc cos A
(250)(300)2__2(250) (300) (cos 30°)
(62,500) + (90,000) (150,000) (0.866)
= 62,500+90,000-129,900 B
22,600 sq ft
a V22,600 300
150.3 ft
What are the angles at B and C?
Using the law of sines A
j5O FT
a b c
sinAsinBsinC90 ENGINEERING EXPERIMENT STATION CIRCULAR 16
b
sin B sin A
a
250= (sin300)
150.3
250= (0.50)
150.3
= 0.831
B = the angle whose sine is 0.83 1
= sin' 0.83 1
= 56.3°
C
sin C =sin A
a
300= (0.50)
150.3
= 0.998
C = sin_i 0.998
= 86.3°or(180°. 86.3°)=93.70°
Because the sum of the three angles of the triangle should equal
180°, the 93.7° angle would be the correct value for C.
Sum of angles30° + 56.3° + 9370
= 180.0°
5. If two sides of a triangle are 400 and 500 feet and the angle
between them is 300, what is the length of the third side?
The law of cosines would solve this problem.
a2= b2+c2-2bc cos A
=(400)2+(500)2_2(400) (500) cos 30° B
160,000 + 250,000 - (400,000) (0.866)
= 410,000-346,400
C50O FT a
63,600
a=V63,600
= 252 feet A b=400FTWATER WORKS OPERATORS' MANUAL 91
MATHEMATICS REVIEW, SLIDE RULE
6. What is a slide rule?
A slide rule is an instrument designed principally for use in
multiplication, division, raising to powers, and extracting roots of
numbers. Some rules also give logarithms of numbers, sines, cosines,
and tangents of angles. A slide rule is accurate for only three signi-
ficant figures, so itis only an aid in problem work and does not
replace other arithmetic procedures.
7. What is the principle of the slide rule?
The scales are divided on a logarithmic basis.There are
ordinarily C and D scales for multiplication and division, A and D
scales for squares and square roots, and K and D scales for cubes
and cube roots. The principle of the rule is simple if one remembers
that exponents are to be added for multiplication, subtracted for
division, multiplied to raise to a power, and divided to take a root,
and also that a logarithm of a number is the power to which ten
must be raised to equal the number; therefore the logarithms are
exponents and follow the laws of exponents. The slide rule is merely
a mechanical method of using exponents, which areproportional to
the numbers, to perform multiplication, division, powers, and roots.
8. What are logarithms?
Logarithmsare exponentsto which a base must be raised to
equal a number.
(a) 100 1 The base is 10 and the power or
10' 10 exponent is the logarithm of the
102 100 number.
10 1000
10-i 1/10
(b)8° = 1 The base is 8 and the power or
8' 8 exponent is the logarithm of the
82 = 64 number.
8 512
(c) In most computations the base 10 is used. When multiply-
ing two numbers the logarithms are addd
(1000)(100) = (103)(102)
= 10
= 100,00092 ENGINEERING EXPERIMENT STATION CIRCULAR 16
(d) Find the number whose logarithm to the base 10 is 0.5,
1.5, 2.5
base logarithm = number
10° number
101/2 =number
=3.16
1015=(10')(101/2)
=(10) (3.16)
=31.6
102.5 =(102)(lOh/2)
=(100) (3.16)
=316
9. How is a slide rule constructed?
6
(a)Cut two equal length pieces of cardboard or heavy paper.
(b) Set the two indexes (1 and 10) at a distance of 10 inches
apart.
(c) Look up thelogarithmtothebase10of2(log
2 = 0.30103).
(d) Because the indexes are 10 inches apart, multiply the
logarithm by 10 (10X0.30103=3.01 inches) and lay out this dis-
tance from 1 to 2.
(e) Look up the logarithm to the base of 10 of 3(log
3=0.477121), multiply by 10 and lay off the distance 4.77 from
1 to 3.
(f) Repeat the procedure on 4 through 10 and you have a
simple slide rule that will multiply and divide.
(g) For more refinement, the space between the numbers is
subdivided logarithmically.WATER WORKS OPERATORS' MANFAL 93
10. What are the logarithms of numbers 1 through 10?
log 1 =0 or 100=1
log 2=0.3010 1003010=2
log 3 0.4771 10°'=3
log 4 =0.6020 10°°°°==4
log 5 ==0.6990 1006990=5
log 6 =0.7782 10077826
log 7 =0.8451 1008451=7
log 8 =0.9031 10°°°'8
log 9=0.9542 10°=9
log 10=1.0000 1010000 10
11. How are decimal points located?
For locating decimal points it is best to usea cancellation system.
For example, assume that the following ratio isto be solved:
(454) (876) (12)
(14) (950) (850)
By slide rule this equals 423, but the decimal point is not located.
In the ratio 12 is about equal to 14, so those two cancel, 876 is about
equal to 850, so those go out, 454 will go into 950 about twice, so the
answer is about 1/2 or 0.5. Using the slide rule result, the correct
answer would be 0.423.
(8) (6) (4) (2)
12. What is the value of the ratio P
(5) (3) (7) (9)
This ratio may be easily solved by longhand, but it will serve
to illustrate the slide rtile.
Set the hairline on S on the D scale; set the right index (1) of the
C scale index under hairline; move the hairline to 6 on C scale; move
right C scale index under hairline; slide hairline to 4 on C scale;
move left C index under hairline; move hairline to 2 on C scale.All
of the multiplication has been done. Now the dividing can be done
without reading anything on the rule.Slide 5 on the C scale under
the hairline; move the hairline to the right C index; slide 3 on the C
scale under the hairline; move the hairline to left C index; slide 7
on C scale under hairline; move hairline to right C index; slide 9
on C scale under hairline; slide hairline to right C index and read
answer 406 on I) scale. Locate decimal point by cancellation.
2
4
= aboutor 0.4; therefore the answers 0.406
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13. Find the square roots of 4.5, 7.6, 12.5, 36, and 81. What is
the square of 65?
V4.5- Set the hairline on 4.5 on the left side of the A scale
and read the value 2.12 on the D scale.
V7.6- Set the hairline on 7.6 on the left side of the A scale
and read the value 2.76 on the D scale.
\/12.5 Set the hairline on 12.5 on the right side of the A scale
and read the value 3.52 on the D scale.
V36 Set the hairline on 36 on the right side of the A scale
and read the value 6 on the D scale.
V81 Set the hairline on 81 on the right side of the A scale
and read the value 9 on the D scale.
To square 65 set the hairline on 65 on the D scale and read the
value 421 on the A scale; for decimal point approximate by using
(60)(60) =3600 then (65)(65) =4210.
PHYSICS
14. A rock is droppcd from the top of a tower and is heard to hit
the ground 4 seconds later. Solve for the height of the tower, assum-
ing that the velocity of sound is 1100 feet per second.
The rock falls a distance S = Vot + 1/2gt2
but l/=O andS =l/2gtR2
the distance for the sound S = Vt,q
= (1100)(t,)
equate the two distances 1/2gtR2= 1 lOOt,, Eq. (1)
t, + = 4 sec
= 4ta, Eq. (2)
(2) in (1)1/2gtR2---1100tR--4400 = 0
Solve by quadraticb ±\/b24 ac
equationtR =
2a
1100± V1,210,000-4(16.1)(---4400)
2(16.1)
1100± V1,210,000+283,400
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1100± 1222
32.2
122
32.2
= 3.79sec
= 4-3.79
= 0.21sec
S = 1/2(32.2)(3.79)2
= 231 ft
CheckS = hOOt,
= 1100(0.21)
= 231 ft
15.If a reservoir has a surface elevation of 331 feet and feeds
water through a 12-inch main, (a) What is the kinetic energy of a
closed valve at elevation 231 feet? (b) What is the potential energy
at the valve? (c) What is the kinetic energy if the valve is opened
and velocity of flow is 10 feet per second?
(a) Because there is no motion of the water, there is no kinetic
energy.
(b) The potential energy is the head on the valve in ft-lb per
lb of water, which is equivalent to 100 ft-lb.
(c) The kinetic energy with a velocity elevation231ft of 10
ft per second is equal to the velocity head V'/2g lO2/2g
100(ft/sec)2
64.4 ft/sec2
1.56foot pounds per
pound of water
1.56 ft-lb
HYDRAULICS
16.What should be the diameter of a 2000-foot pipe line which
carries a flow of 3 cfs and flows b' gravity under a 50-foot head?
The diameter should be such that all the head available for
causing flow is consumed by friction.96 ENGINEERING EXPERIMENT STATION CIRCULAR 16
fLV2 Q - and V If h=
A d 2g
fL Q2
then hL=
2/l6(2g)
fL Q2
andd5=
'IL2/l6(2g)
d=jL
2
VIi.2/16(2g)
Assuming that f = 30/1000
d==/_
30(2000)(32)
V1000(50)2/16(64.4)
= '0.272
0.77 ft
= 0.77 ft(12 in./ft)
9.24 in.
Use a 10-inch pipe.
17. What horsepower is needed to pump 1000 gpm of water from
a reservoir of surface elevation 100 feet to one of surface elevation
250 feet if the head loss in the pump and pipe line is 25 feetP
E
ELEV 100
IN DISCHARGE
LINE
LOSS IN SUCTION PIPE
250 FT
Pressure head + velocity head + elevation head + energy of
pump = pressure head + velocity head + elevation head + head lossWATER WoaKs OPERATORS' MANUAL 97
PiV2 P2 V22 ++Zi+E =++Z2+hL
u2q w2g
0+0+0+E = 0+0+150+25
= 175ftlb/lb
For 100% eff, horcpowcr
(gallons per minute) (energy of pump')
3960
GE
liPloo =
3960
(1000)(175)
3960
= 44.2 hp
If the pump is assumed to be 75% efficient
hp
hp =
0.75
44.2
0.75
59, say 60 hp
COAGULATION
18. I-low are the coagulants added to the water?
Coagulants may be fed into the water from a dry feed machine,
Or by injecting a solution into the water.
19.What methods are used for rapidly mixing the chemieals in
the water?
The solution may be injected into a propeller-type rapid mixer
or may he injected into the turbulent flow of a pipe line. The dry
chemical or solution may be put into an open channel just ahead of
rapid mix paddles or a hydraulic pump.
20. What is the slow mix?
The slow mix is a system of slowly revolving paddles which
keep the water in gentle motion while the floc forms.98 ENGINEERING EXPERIMENT STATION CIRCULAR 16
FILTRATION
21. What is "anthrafilt" and how does it compare with filter sand?
Anthrafilt is a hard anthracite coal and is usually larger than
filter sand. It will allow a higher rate of filtration. More research is
needed to determine its length of life.
22. What is the usual rate of filtration for a rapid sand filter?
The rate varies from 1-1/2 to 3 gallons per square foot per
minute, depending on the type of filter medium that is used. The
average rate is 2 gallons per square foot per minute.
23. How may filter sand be tested?
Filter sand is usually specified by its "effective size and uniform-
ity coefficient."If the sand is passed through a series of sieves and
a curve is plotted with per cent (by weight) passing on the y-axis
and size on the x-axis (a 5-cycle logarithmic paper is used), the
size at which only 10 per cent passes is the effective size. The uni-
formity coefficient is the size that allows 60 per cent to pass, divided
by the effective size.
Effective size of filter sand is from 0.35 to 0.50 mm. Uniformity
coefficients vary from 1.25 to 1.80.
24. What types of underdrains are used in rapid sand filters?
The common type of underdrain is a cast iron manifold with
orifice holes on the underside. Patent filter bottoms of glazed hollow
tile with fine holes in the top have been used. Porous diffuser plates
forming a false bottom have been used successfully without a gravel
layer.
PIPING
25. What is the advantage of a network analysis?
The network analysis takes part of the guessing out of the
problem of what size pipe should be used where. It does not answer
the question completely, because it is possible to guess wrong on the
type of house or industry that the pipe line might feed and on the
friction factor of the pipe.
26. What is the Cross-Doland system for network analysis?
It is based on the Darcy-Weisbach formula for head ioss and
the fact that the head loss between two points in a ioop is the same
no matter what route the water travels.WATER WORKS OPERATORS' MANUAL 99
fL V2
If lost head in pipe(hL)
/2q
Q2
andQ = Av andV2
A2
= 0.785d2V
Q2
then
j72
0.616 d4
fL Q2
SOthat 'L =
0.616 d52q
K L Q2
putting all constants together 'L
KL
putting known values together 'L = r Q2wherer =
(/3
or the lost head is proportional to the resistance factorrandQ2.
in any distribution loop the sum of the lost heads or pressure
drop around any circuit added algebraically is zero.
IN FLO'
or hL(l) + hL(2) =0, buthL(3)is negative
and hL(l) hL(2)
FLOW
Hardy Cross, by a mathematical process of convergence, de-
veloped the following relationship:100 ENGINEERING EXPERIMENT STATION CIRCULAR 16
rQ2Algebraic summation
AQ =
rQArithmetic summation
whereQ= original estimate of flow in each pipe
r = resistance factor
LQ= change inQof original estimate to
approximate quantity flowing.
Several estimates need to be made beforeQ approaches zero. Use
the following ioop as an illustration:
L3 = 2670
d3=s IN.
L18000FT B
d1241N.
FT L24000FT
d2=I2 IN.
L48000 FT
D d4=I6IN.
Solution
Assume that r = 1 for largest diameter and shortest length of
pipe
1
L2(di)5r1
Since r varies asL/d5 r2 =
L1 (d2)5
4000 (2) 5
uuu
= 16
L3(dj)5r1
L1(d3)5
1(24)5
3(8)
= 81WATER WORKS OPERATORS' MANUAL 101
L4(d1)5r1
r4 =
L1 (d4)5
8000 (24)
5
8000(16)°
= 7.6
Assume Q1= 50 through pipes 1 and 2
and Q2= 50 through pipes 2 and 3
It is obvious that this is wrong, because the resistance factor(r3)is
large; but it proves the method.
First trial
rQ2
Counter Clockwise Pipe r Q rQ
1 1 50 50 2,500
16 50 800 40,000
81 50 4050 202,500
7.6 50 380 19,000
r- 5280 221,500 42,500
221,500-42,500
Q1 =
2(5,280)
179,000
10,560
17 (excess, counter)
Therefore newQequals 67 through pipes1 and 2, and 33
through pipes 2 and 3.
Second trial
I
rO
Pipe r Q rQ Counter Clockwise
1 .... 1 67 4,500
2. 16 67 1072 71,700
81 33 2670 88,000
7.6 33 251 8,300
4060 96,300 76,200102 ENGINEERING EXPERIMENT STATION CIRCULAR 16
96,30076,200
Q2 =
2 (4060)
= 2.5 (approx excess, counter)
Therefore new Q equals 69.5 through pipes 1 and 2, and 30.5
through pipes 2 and 3.
Third trial
I I I I rQ'
Pipe r L___2____LrQ Counter Clockwise
1 69.5 69.5 4,800
2 16 69.5 1110 77,000
3................. 81 30.5 2460 75,500
4................. 7.6 30.5 230 7,100
3870 182,600 81,800
82,600 81,800
Q3 =
2(3870)
0.104 which is close enough to
satisfy original assumptions.
To find the lost head in circuit ABC'
SupposeQ = 6,500,000 gpd
= 10 cfs
= 6.95 cfs (69.5% of 100)
6.95
v1=
0.7854 (2) 2
= 2.22 ft per sec
f1L1V12
d12g
20(8000)(2.22)2
1000(2) (2) (32.2)
= 6.16 ft
T72
1=0.077 ft
2gWATER WORKS OPERATORS' MANLAL 103
(77,000)
Then by proportions hL(2) = 6.16
4800
99 ft
6.16(75,500)
hL(3)
4800
= 97 ft
6.16(7100)
hL(4)
4800
= 9 ft
hL(l) + hL(2) = 6 + 99
105 ft
hL(3) + hL(4) = 106 ft
Further refinement is entirely unnecessary.
If more than one loop is used, a condition which will occur in
any distribution system, then flow Q is dividedthrough each pipe, and
Q is found for each ioop in the system in the first trial.Two Q's
are found for each common pipe in each adjacentloop and arc added
algebraically. A second trial is made with corrected Q's and flew
Q's fotind, and process is repeated.
References
Hardy Cross, Analysis of Flow in Networks of Conduits, Uni-
versity of Illinois Experiment Station Bulletin286.
J. J. Doland, Simplified Analysis of Flow inWater Distribution
Systems, Engineering News Record, Vol 117, October 1,1936,j)
475.
27.What new method has been developed to solve pipeline net-
works?
An article, Direct-Reading Electric Analyzer for Pipeline Net-
works, by Malcolm S. Mcllroy in AWWA Journal, April,1950,Vol
42, No.4, p 347,explains the use of the electric analyzer. Electric
resistors were built to represent the values of head loss derived from
Hazen-Williarns formula. The resistors may be plugged into the
network until a workable solution is found. It is a convenient, rapid,
and accurate means of studying the performance of pipeline net-
works.104 ENGINEERING EXPERIMENT STATION CIRCULAR 16
VI. Purificafion
MATHEMATICS REVIEW, ARITHMETIC
1. A stock solution, approximately 2NH2SO4,is to be made up.
How many grams ofH2SO4are required per liter of solution?
The molecular weight ofH2SO4is 98. A normal solution con-
tains one hydrogen equivalent of the substance per liter. SinceH2SO4
contains 2 equivalents and a 2N solution is desired, there would be
98 grams ofH2SO4per liter of water.
2. If a stock solution was found to be 1.95N, how many milliliters
of this stock solution would be required to make one liter of
N/44HZSO4?
(normality1) (volume1) = (normality2) (volume2)
(1.95) (volume) = (1/44)(l000ml)
1000
volume =
(44) (1.95)
= 11.7 ml per liter of N/44
3. If alum costs $30.00 per ton, and the average dosage isone gpg,
how much would it cost per year to treat one mgd?
1 gpg142 lb per million gal
142 lb$30
cost per million gallons =
2000 lb/ton ton
$2.13
cost per year (365 days) = (2.13) (365)
= $778.00
BACTERIOLOGY
4. What are the characteristics of the "Coliform group"?
"The Coliform group includes all aerobic and facultative an-
aerobic gram-negative non-spore-forming bacilli which ferment lac-
tose with gas formation." This definition is from Standard Methods
for the Examination of Water and Sewage.
In earlier literature, the Coliform group sometimes is referred
to as B-Coli or Coli-Aerogenes group.WATER WORKS OPERATORS' MANUAL 105
5. What is the best method of eliminating harmful bacteria from
water.
A combination ofcoagulation, sedimentation,filtration, and
chlorination will usually eliminate all harmful effects from bacteria.
In some cases chlorine will disinfect the water by killing the harmful
bacteria, but they are not removed from the water as they would be
if the other methods are used.
WATER TESTS
6. Why is pH important to the operation of a filtration plant?
H is important in getting proper formation of floe in the coagu-
lation basin. All coagulants affect pH and it might be necessary to
adjust it before the water leaves the plant in order to prevent corro-
sion in the distribution system.
7. Explain the meaning of the symbol pH.
pH is defined as the logarithm of the reciprocal of the hydrogen
ion concentration.
The law of mass action states that in a solution of an electrolyte:
concentration of cation><concentration of anions
concentration of undissociated molecules
For water:
=a constant.
concentration of HionsXconcentration of OHions
concentration of undissociated HOH molecules
1014
Iii pure water, the concentration of H ions equals the concentration
of OH- ions for electrical neutrality, and the H ion concentration
of pure water is:
\/ 10's=10
The pH of pure water is 7.0. All acids have a higher concentra-
tion of H ions with a pH below 7.0, and all alkalies have a higher
concentration of (OH)- ions with a pH above 7.0. Figures (a) and
(b) show pictorially the pH range.106 ENGINEERING EXPERIMENT STATION CIRCULAR 16
VARIATION IN H WHEN VALUES OF INTENSITY
iooppmOF DIFFERENT OFALKALINITY AND
MATERIALS ARE ADDED ACIDITY.
TO PURE WATER.
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<02 2 00,000
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Figure (a) Figure (b)
DISINFECTION
8. What is break-point chlorination?
The break-point method is more efficient in removing bacteria
and taste and odors. It is a method of finding for a particular water
the break-point of a curve obtained by plotting chlorine residuals
against chlorine dosages. Assuming that there is no chlorine demand,
the curve would be a straight line on a 45° angle.If there is a
chlorine demand, the residual chlorine will decrease as more chlorine
is applied, until the demand is satisfied; then the residual increases
as chlorine is applied. The low point on the curve is the break-point
for the water tested.Li
c
o 1
u__i
2)0
t)
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CHLORINE DOSAGE
Breakpoint curve
9. State in general terms what a test for chlorine demandtells
'ou about 'tour water?
"Chlorine demand isdefined as the difference between the
amount of chlorine added to water and the amount of chlorine(free
available and combined available) remaining at the end of a specified
contact period." (AWWA Manual, Water Quality andTreatment.)
The chlorine demand test will indicate the organic material that
can be oxidized by chlorine at a definiteresidual.It will indicate
whether an increased dosage will eliminate tastes and odors.
10. How does ammonia help in chlorination?
If high residuals are necessary to produce safe water, ammonia
can he added to form chloramines whichhave less chlorinous taste.
It takes a longer contact period with chioramines to kill bacteria
than it does with chlorine alone, but a good point of application with
ammonia and then chlorine can be worked out to give the contact
time. Ammonia prevents tastes and odors from developing in the
water.
COAGULATION
11. How long should the slow mix he carried on?
The time of slow mix varies with the temperature and with the
nature of the water. The usual time is from 30 minutes to onehour.
12. What is the jar test?
The jar test is a trial and error method of adding coagulants
in varying quantities with constant stirring to try to arrive at a
minimum dosage for economical coagulation.108 ENGINEERING EXPERIMENT STATION CIRCULAR 16
A stirring device and six bottles or jars that will holdone liter
each are the equipment needed. Add successiveamounts of coagulant
to the jars and stir violently for a very short time, then stir gently
for about 30 minutes. Determine which jar has formed the best
floe. An experienced operator can judge by observation. Foran
inexperienced operator itis best to allow the particles to settle for
thirty minutes, filter the water through filterpaper and see if the
filtrate is clear. The lowest dosage that givesa clear effluent is the
minimum dosage.
SEDIMENTATION
13. How is sludge removed from a basin?
The sludge can be removed at intervals. This necessitates drain-
ing the tank or using a continuous removal beltor scraper. If the
sludge is allowed to accumulate too long, it will make the basin
smaller and change the settling characteristics. There is alsoa chance
of getting anaerobic decomposition, with accompanyingtastes and
odors, in the water.
FILTRATION
14. Name the valves in a rapid sand filter plant pipe gallery.
(a) Influent valve
(b) Effluent valve
(c) Waste water valve to sewer line
(d) Wash water valve
(e) Rewash valve
(f) Rate controlling valve
15. What are the steps in the washing of filters?
(a) Close influent valve and allow water to drain down to the
edges of the troughs.
(b) Close effluent valve.
(c) Open waste-water valve to sewer.
(d) Open wash water valve slowly and carefully in order to
keep from blowing holes through sand.
(e) Wash until filters are clean (ordinarily 3 to 10 minutes).
(f) Close wash water valve.
(g) When water reaches bottom of gutter, close waste valve.
(h) Partially open influent valve.
(i) Open the rewash valve and allow some of the water togo
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(j) Close the rewash valve.
(k) Open the effluent and influent valves.
16. What is the usual rate of rise of wash water during washing of
filters?
The filters should be washed from 3 to 10 minutes at a rate
which gives a "per cent sand expansion" of 40 to 50 per cent. For
example, if a sand bed were 28 inches deep, the sand should rise
during washing to a height of 12 to 14 inches above the original
sand surface. The amount of wash water used should be no more
than 2.0 to 2.5 per cent of all water filtered.
17. What is the purpose of the surface wash?
Surface washing cuts down the amount of wash water, because
the jets of the surface wash loosen the mud balls and gelatinous
scum so that it can be more easily raised in backwashing.
18. What would be the cost of filtering and disinfecting at a rate
of one mgd for one year under the following conditions (not includ-
ing labor cost)?
(a) One gpg of alum for 8 months at 5t per lb
(b) 0.65 gpg of alum for 4 months at 50 per lb
(c) 2 ppm of chlorine for 8 months at 120 per lb
(d) One ppm of chlorine for 4 months at 120 per lb
Assume plant runs 16 hours per day for 8 months and 8 hours
per day for 4 months.
1 gpg = 142 lb per million gallons
1 ppm = 8.34 lb per million gallons
(a) For a full time,142 lb( 1 million gal) (8 mo) (30 days)
weight of alum
rniflion gal day month
= 34,100 lb
but the plant runs only 2/3 of a 24 hour day
and weight of alum = (34,100) (2/3)
= 22,730 lb
$0.05
cost of alum = (22,730 lb) -
16
= $1137110 ENGINEERING EXPERIMENT STATION CIRCULAR 16
(b) The plant runs 1/3 of a 24 hour day for 4 months
and weight of alum = (22,730) (1/2) (1/2) (0.65)
3690 lb
cost of alum = (3690) ($0.05)
= $185
(c) For full year
weight of chlorine
at 1 ppm
8.34 lb(1 million gal)(12 mo)(30 days)
million gal day month
3000 lb
weight of chlorine for 8
months at 2 ppm = (3000 ib) (2) (2/3)
4000 lb
cost of chlorine = (4000) ($0.12)
= $480
(d) For 4 months
weight of chlorine at 1 ppm = (3000 ib) (1) (1/3)
1000 lb
cost of chlorine = (1000) ($0.12)
$120
Total cost of chlorine and alum = 1137 + 185 + 480 + 120
$1922
CORROSION CONTROL
19. What is Langelier's index (saturation index) P
The saturation index is defined as the algebraic difference be-
tween the actual pH of the sample and pH s (pH which the water
should possess if, without change in composition, it were in equili-
brium with solid calcium carbonate). W. F. Langelier (AWWA
Journal, Vol 28, October 1936) has developed a formula whereby the
pH saturation of the water can be computed from the results of a
water analysis. Knowing the total dissolved solids, the calcium, al-
kalinity, and temperature, the pH s can be calculated.Charles P.
Hoover had a nomographic chart for the solution of Langelier's
formula prepared and published in Water Supply and Treatment,
Bulletin 211, National Lime Association.
The index was proposed as a simple means of controlling water
treatment intended for the purpose of minimizing the effects of in-
terior pipe scaling and corrosion. The theory is that a thin calciumWATER WORKS OPERATORS' MANUAL 111
carbonate coating spread evenly over the pipe interior will protect
the metal against excessive corrosion and that such a coating can be
maintained permanently if the water is kept at the proper saturation
index.
The "marble test" is a method for the (lirect determination of
the index.
(a) Determine thepHvalue on a portion of the sample.
(b) To the remainder of the sample add CP precipitated calcium
carbonate in excess, stir a few minutes, allow to settle, and filter.
(c)(1) If thepHvalue in (b) is greater than in (a), it shows
that the water is undersaturated as to carbonate constituents and
may be corrosive. The difference between thepHvalues is the
saturation index. For example, if the sample before the addition of
CaCo2has a pH value of 7.4,and after the addition of CaCo3, 8.3,
the saturation index would be 0.9.
(2) If the pH values in (a) and (b) are equal, the water is in
equilibrium as to carbonate constituents.
(3) If the pH value in (a) is greater than in (b), the water is
supersaturated with carbonate compounds and may deposit films in
piping, etc. If the pH of (a) is 9.3 and of (b) is 9.0, then the
saturation index is +0.3.
ADDITION OR REMOVAL OF MINERALS AND GASES
20. Why i.c lime used in the water treatment processI'
Lime is usually used as an auxiliary chemical to control p/-f.
When added to water with bicarbonate alkalinity, it makes a precip-
itate CaCo, with some clarifying power. When added in the proper
amounts, it forms a carbonate layer on pipe lines and inhibits corro-
sion. When added to waters with a high magnesium content, it acts
as a coagulant.
21. What is activated carbon used for in watertreatment.2
Activated carbon is a charred material that is "activated" by
slow burning under very closely controlled conditions. This activa-
tion gives the carbon surface the ability to attract and hold odorous
substances.It may also be spread over the surface of a reservoir
to blot out sunlight and control algae.
22. What concentration of fluoride is usually set as a maximum to
prevent mottledenamel:2
The maximum is1.5 ppm. The State Board of Health regu-
lations (1951) state that the fluoride ion level to be maintained in
the water distributed shall be one ppm with 1.5 ppm maximum.112 ENGINEERING EXPERIMENT STATION CIRCULAR 16
23. What are the chemicals commonly used in fluoridation?
(a) Sodium fluoride
(b) Hydrofluoric acid
(c) Sodium silico fluoride
(d) Hydro fluosilicic acid
24. How can the fluoride be fed into the system?
(a) Gravimetric (weight) dry-feed machine
(b) Volumetric dry-feed machine
(c) Liquid feeder (positive displacement).
25. How should the operator be protected from the dust of fluoride
compounds?
(a) Dry-feed hoppers should have dust collectors.
(b) The operator should wear a toxic dust mask.
TASTE AND ODOR CONTROL
26. What are the causes of tastes and odors in water?
(a) Algae and microorganisms
(b) Dissolved organic and vegetable matter
(c) Dissolved gases (H2S, organic gases, etc)
(d) Dissolved mineral matter (sodium sulfate, magnesium sul-
fate, iron, etc)
(e) Industrial wastes and domestic sewage
(f) Phenols and other oily or tarry waste products
(g) Chlorine products
27. What are someofthe methodsofremoving tastes and odors?
(a) Aeration
(b) Chlorination (prechlorination and break point)
(c) Chloramine treatment
(d) Activated carbon
(e) Excess coagulants
(f) Chlorine dioxide
(g) Lime or lime and ferrous hydroxide
(h) Potassium permanganate
(i)Ozone
(j) Bleaching clay
(k) Ammonia
(I)Removal of minerals
(m) Copper sulfateWATER WORKS OPERATORS' MANUAL 113
28.What is the best rule to follow in removal of tastes and odors
from a water supply?
No set rule can be given for the removal of tastes and odors.
Each taste and odor problem is individual, and the best way to de-
termine the needed treatment is by laboratory test.
29. Why is the odor test a difficult one to make?
Odor tests are difficult because no two operators can get identical
results. The tests can be duplicated fairly close by using Threshold
Odor numbers, as described in Standard Methods. A code for(IC-
scribing odors has also been set up to attempt to standardize odor
test results.VII. Bibliography
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14.Articles and Pamphlets
Fundamentals of Corrosion. G. W. Gleeson, Journal American Water
Works Assoc, July 1941, p 1249.
Manual of Safe Practice in Water Distribution. Journal American Water
Water Works Assoc, June 1942, p 917.
Public Relations Begin at Home, or A.B.V.R.Goldfish.Journal
American Water Works Assoc, September 1941, p 1481.
Aspects of Public Relations.Journal American Water Works Assoc,
January 1947, p 41.
Methods of Determining Fluorides.Journal American Water Works
Assoc, November 1941, p 1965.
Cross Connection Control. Journal 4merican Water Works Assoc, 1942,
p 17.
Ground Water Situation in Oregon. R. C. Newcomb, U.S. Dept of the
Interior,GeologicalSurvey, March 1951,Bulletin.
Methods of Joining Pipe.J. E. York, The Industrial Press, 1949.
Water Rates and Water Systems in Oregon Cities. Bureau of Municipal
Research and Service, University of Oregon, in cooperation with the
League of Oregon Cities, Information Bulletin No. 67, September 1947.
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EQUIVALENTS AND CONSTANTS
1 inch (in.)................................................................ 2.54 centimeters (cm)
1 meter (m)...............................................................39.37 in.
1 acre ............................................................................43,560 square feet (sq ft)
1 cubic foot (cu ft)................................................1728 cubic inches (cu in.)
7.48 gallons (gal)
1 cubic foot of water ..............................................62.5 pounds (lb) at standard
temperature and pressure
1 gallon (gal)............................................................231 en in.
0.1337 cu ft
3.78533liters(1)
1 gallon of water----------------------------------------------------8.34 lb at standard temperature
and pressure
1 liter(1)------------------------------------------------------------------0.26418 gal
1 pound (Ib)--------------------------------------------------------------453.6 grams (gm)
7000 grains
1 kilogram (kg) --------------------------------------------------------2.205 lb
1 cubic foot per second (cfs)------------------------------7.48 gal per sec
448.8 gal per mm
646,272 gal per 24 hr day
Approx 1.5 cfs ----------------------------------------------------------1 million gal per day (ingd)
1 pound per square inch (psi)----------------------------1-14II) per square foot (psf)
2.3087 feet head of water
1 foot head of water ------------------------------------------------0.4335 psi
I atmosphere (atm)------------------------------------------------14.697 psi at sea level
33.9 ft of head of water
29.92 in. of mercury
I grain per gallon----------------------------------------------------17.15 parts per million (ppm)
142 lb per million gal
1 horsepower (hp) ---------------------------------------------------50 ftlb per sec
33,000 ft per mm
746 watts (0.746 kilowatts)
42.4 Btu per mm
1 kilowatt (kw) --------------------------------------------------------1000 watts
737.5 ft-lb per sec
1.34 horsepower
1 British thermal unit (Btu)------------------------------778 ft-lb
252calories
pi(cr) 3.1416 or 3-1/7
1 degree 0.17453 radians
I radian -------------------------------------------------------------------------r/180° or 57° 171'
60 miles per hour (mph) ----------------------------------------88 ft per sec
1 gram mole of gas --------------------------------------------------22.4 liter
1 pound mole of gas -------------------------------------------------359 en ftINTERNATIONAL ATOMIC WEIGHTS 1947
Element SymbolNo. WI Element SymbolNo.Wt
Aluminum ........Al 13 26.97 Molybdenum....Mo 42 95.95
Antimony .......Sb 51121.76 Neodymium..... Nd 60144.27
Argon ................A 18 39.944 Neon ..................Ne 1020.183
Arsenic .............As 33 74.91 Nickel ................Ni 28 58.69
Barium ..............Ba 56137.36 Nitrogen ...........N 7 14.008
Beryllium .........Be 4 9.02 Osmium ............Os 76190.2
Bismuth ............Bi 83209.00 Oxygen .............0 8 16.00
Boron ................B 5 10.82 Palladium.........Pd 46106.7
Bromine ............Br 3579.916 Phosphorus ......P 15 30.98
Cadmium ..........Cd 48112.41 Platinum ...........Pt 78195.23
Calcium .............Ca 20 40.08 Potassium .........K 19 39.096
Carbon ...............C 6 12.010Praseodymium.Pr 59140.92
Cerium ...............Ce 58140.13 Protactinium....Pa 91231.0
Cesium ...............Cs 55132.91 Radium ..............Ra 88226.05
Chlorine ............Cl 17 35.547 Radon ................Rn 86222.0
Chromium ........Cr 24 52.01 Rhenium ...........Re 75186.31
Cobalt ................Co 27 58.94 Rhodium ...........Rh 45102.91
Columbium .......Cb 41 92.91 Rubidium ..........Rb 37 85.48
Copper ...............Cu 29 63.54 Ruthenium ........Ru 44101.7
Dysprosium ......Dy 66162.46 Samarium .........Sm 62150.43
Erbium ..............Er 68167.2 Scandium ..........Sc 21 45.10
Europium ..........Eu 63152.0 Selenium ...........Se 34 78.96
Fluorine ............F 9 19.0 Silicon ...............Si 1428.06
Gadolinium .......Gd 64156.9 Silver ................Ag 47107.880
Gallium .............Ga 31 69.72 Sodium..............Na 11 22.997
Germanium .......Ge 32 72.60 Strontium .........Sr 38 87.63
Gold ...................Au 79197.2 Sulfur ................5 16 32.066
Hafnium ...........Hf 72178.6 Tantalum ..........Ta 73180.88
Helium ..............He 2 4.003 Tellurium .........Te 52127.61
Holmium ..........Ho 67164.94 Terbium ............Tb 651592
Hydrogen .........H 1 1.0080Thallium ...........TI 81204.39
Indium ...............In 49114.76 Thorium ...........Th 90232.12
Iodine ................I 53126.92 Thulium ............Tm 69169.4
Iridium ..............Ir 77193.1 Tin .....................Sn 50118.70
Iron ....................Fe 26 55.85 Titanium ...........Ti 22 47.90
Krypton ............Kr 36 83.7 Tungsten ...........W 74183.92
Lanthanum .......La 57138.92 Uranium ...........U 92238.07
Lead ...................Pb 82207.21 Vanadium .........V 23 50.95
Lithium .............Li 3 6.940 Xenon ................Xe 54131.3
Lutecium ...........Lu 71174.99 Ytterbium .........Yb 70173.04
Magnesium .......Mg 12 24.32 Yttrium .............Y 39 88.92
Manganese .......Mn 25 54.93 Zinc ....................Zn 30 65.38
Mercury ............Hg 80200.61 Zirconium .........Zr 40 91.22
116FORMULAS, MOLECULAR WEIGHTS, AND EQUIVALENT
WEIGHTS OF COMPOUNDS FREQUENTLY CONCERNED
IN WATER TREATMENT
Compound Formula Molecular
weight
Equivalent
weight
Aluminum sulfate (crystal) ....Al2(SO4)3.18H20 ............666.4 ................111.0
Aluminum sulfate
(anhydrous)..............................Al2(SO4)8............................342.1 ................57.0
Ammonium alum ..........................Al2(SO4)3SO4.24 H20 ......906.6 ................151.1
Aluminum hydroxide................Al (OH)3 ..............................78.0 ................26.0
Barium carbonate ........................Ba CO3 ................................197.4 ................98.7
Barium chloride..........................Ba CF..................................244.3 ................122.1
Barium sulfate ..............................Ba SO4 ..................................233.4 ................116.7
Calcium..........................................Ca ..........................................40.1 ................20.0
Calcium bicarbonate ....................Ca(HCO3)2........................162.1 ................81.0
Calcium carbonate......................Ca CO3 ................................100.0 .................0.O
Calcium chloride ..........................Ca Cl2 ....................................111.0 ................
Calcium hydrate..........................Ca(OH)2............................74.1 ................37.0
Calciumoxide ..............................Ca 0 ....................................56.1 ................28.0
Calcium sulfate ............................Ca SO4 ..................................136.2 ................68.1
Calcium phosphate ......................Ca,(PO4)2 ............................310.3 ................51.7
Ferrous sulfate............................FeSO4.7H2O ........................278.0 ................139.0
Magnesium....................................Mg ........................................24.3 ................12.15
Magnesium oxide ........................MgO ....................................40.3 ................20.1
Magnesium bicarbonate ..............Mg(HCO3)2 ........................146.3 ................73.1
Magnesium carbonate ................MgCO3................................84.3 ................42.1
Magnesium chloride ....................MgCL ....................................95.2 ................47.6
Magnesium hydroxide ................Mg(OH)2 ................................................29.1
Magnesium phosphate ................Mg3(PO4)2 ..........................263.0 ................43.8
Magnesium sulfate ......................MgSO4................................120.4 ................60.2
Silica..............................................SiO2......................................60.1 ................30.0
Sodium............................................Na ..........................................23.0 ................23.0
Sodium bicarbonate....................NaHCO, ..............................84.0 ................84.0
Sodium carbonate ........................Na2CO3................................106.0 ................53.0
Sodium chloride..........................Na Cl ....................................58.5 ................58.5
Sodium hydroxide ........................Na OH ................................40.0 ................40.0
Trisodium phosphate
(hydrated)................................Na,PO4.12H2O..................380.0 ................126.3
Disodium phosphate
(hydrated)................................Na2HPO4.12H20 ................358.0 ................119.3
Sodium sulfate ..............................Na2SO4................................142.0 ................71.0
Acid Radicals
Bicarbonate ................................HCO, ....................................61.0 ................61.0
Carbonate..................................CO3 ........................................60.0 ................30.0
Carbon dioxide........................CO2........................................44.0 ................22.0
Chloride......................................Cl..........................................35.4 ................35.4
Hydrate......................................OH ........................................17.0 ................17.0
Phosphate..................................PO4........................................ 95.0 ................31.7
Sulfate........................................SO4 ........................................96.0 ................48.0
Acids
Carbonic acid ............................H2CO3..................................62.0 ................31.0
Hydrochloric acid ....................HC1......................................36.4 ................36.4
Phosphoric acid ........................H3PO4..................................98.0 ................32.7
Sulfuricacid ............................J{SO4..................................98.1 ................49.0VALUES OF F IN THE DARCY-WEISBACH FORMULA,
LV2
= F - - FOR WATER FLOWING IN STRAIGHT
D 2g
SMOOTH PIPE
Mean velocity (V) in feet per second
in inches* 0.5 1.02.03.0 4.0-
5.010.015.020.0
0.0420.0380.0340.0320.0300.0290.0250.0240.023
041.037.033.031.029.038.025.024.023
1 040.035.032.030.028.027.024.023.023
1......................038.034.031.029.028.027.024.023.023
2......................036.033.030.028.027.026.024.023.022
3......................035.032.029.027.026.025.023.022.022
4 034.031.028.026.026.025.023.022.021
5 033.030.027.026.025.024.022.022.021
6 032.029.026.025.024.024.022.021.021
8 030.028.025.024.023.023.021.021.020
10......................028.026.024.023.022.022.021.020.020
12 027.025.023.022.022.021.020.020.019
14 026.024.022.022.021.021.020.019.019
16 024.023.022.021.020.020.019.019.018
18......................024.022.021.020.020.020.019.018.018
20 023.022.020.020.019.019.018.018.018
24 021.020.019.019.018.018.018.017.017
30 019.019.018.018.017.017.017.016.016
36 018.017.017.016.016.016.016.015.015
42 016.016.016.015.015.015.015.015.014
48......................015.015.015.015.014.014.014.014.014
54......................014.014.014.014.014.014.013.013.013
60......................014.013.013.013.013.013.013.013.012
72......................013.012.012.012.012.012.012.012.012
84......................012.012.011.011.011.011.011.011.011
For water flowing in cotton rubber-lined fire hose
Velocity in feet per second
Nominal
Diameter 4 I 6 10
I 15
I20 25
1in. 0.024 0.023 0.023 0.022 0.02 1
2in. 0.020 0.019 0.018 0.018 0.018
Values given are nominal diameters.The actual diameters of commercial pipe are
slightly different.
Hydraulics.King, \Visler, \Voodburn, INew York, John Wiley and Sons, mc, 1948
118Buample: The dotted hne shoc. that
the rcnistenceol a n-inch ScondurJ El.
bow is equivalent to approumattly6
met ol botch Stam.turd Pipe
Note: For sudden enlargements or sucl-
den contraction, tine the smnller diame
00 Ihr d on the pipe sire scale
Globe Valne. Open Onte Valve 3000
MCIo.ed
½C'o.ed
2000
I4Clo.ed
Fall7 Opot
48
80
801'
42
Angle Valve, Open Standard Tie 36
300 30 30
UJ 200
Sqtcaee Elbos. 22
20 20
Oa.e Retunt Send .,,. loo 18
Jt4 Beetle Eneen.soe 5
I?.
LfJ-:
t: to
I0
Seandaed Elbow or ests
Teoreduaed½ ' )½
Ordinary Entrance 3 3
Midhctn Sweep Elbow or1L'
2 2
2 2
run00Ten reduced4 Sudden ContructienI
d/D_ ½
d/D_½ :
d/D..I, 0.5
0.3
1
Long Swiep Elbow or 0.2
run 00 Standard Tee 45 Elbow
A/OrE: Head loss through check valves varies with types mar,vfac/vred
Cortsci/t ma,,ufachdrer for correct va/uCS.
F,-oi-r,Cr-e,,eCe. Ci,#mfe7 No 4/.
Resistance of Valves and Fittings to Flow of Fluids
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SPECIFICATIONS AND RECOMMENDED PRACTICES OF
THE AMERICAN WATER WORKS ASSOCIATION
AWWA Cl01-39, ASA A21.1-1939. American Recommended Practice Manual
for the Computation of Strength and Thickness of Cast Iron Pipe.
December 1939 Journal.
AWWA C102-39, ASA A21.2-1939.American Standard Specifications for
Cast-Iron Pit-Cast Pipe for Water and Other Liquids.
December 1939 Journal.
AWWA C104-39, ASA A21.4-1939.American Standard Specificationsfor
Cement-Mortar Lining for Cast Iron Pipe and Fittings.
December 1939 Journal.
AWWA C100-08 (7C.1-1908).Standard Specifications for Cast Iron Water
Pipes and Special Castings.
Adopted May 12, 1908.
AWWA C600-49T (7D.l-T-1949). Tentative Standard Specifications for In-
stallation of Cast Iron Water Mains.
December 1949 Journal.
AWWA C601-48 (7D2-48). Procedure for Disinfecting Water Mains.
February 1948 Journal.
AWWA C200-40 T(7A.1-T-1940). Tentative Specifications for Riveted Steel
Pipe.
January 1940 Journal.
AWWA (7A2-T-1940).Tentative Specifications for Lock-Bar Pipe.
January 1940 Journal.
AWWA C201-50 (7A.3-1950).Standard Specifications for Electric Fusion
Welded Steel Water Pipe of Sizes 30 Inches and Over.
January 1940 Journal.
AWWA C202-49 (7A.4-1949).Standard Specifications for Steel VVater Pipe
of Sizes up to But Not Including 30 Inches.
April 1943 Journal.
AWWA C203-51 (7A.5-1950).Standard Specifications for Coal-Tar Enamel
Protective Coating for Steel Water Pipe of Sizes 30 Inches and Over.
January 1940 Journal.
AWWA C204-51 (7A.6-1950). Standard Specifications for Coal-Tar Enamel
Protective Coating f or Steel Water Pipe of Sizes up to But Not Including
30 Inches.
January 1940 Journal.
AWWA C205-41(7A.7-1941).Standard Specifications for Cement-Mortar
Protective Coating for Steel Water Pipe of Sizes 30 Inches and Over.
January 1940 Journal.
AWWA C206-50 (7A.8-T-1949). Tentative Standard Specifications for Field
Welding of Steel Water Pipe Joints.
March 1946 Journal.
Concrete Pipe
AWWA C300-47T (7B.1-T-1947). Tentative Standard Specifications for Rein-
forced Concrete Water PipeSteel Cylinder Type, Not Prestressed.
March 1948 Journal.
AWWA C301-49T (7B.2-T-1949). Tentative Standard Specifications for Rein-
forced Concrete Water PipeSteel Cylinder Type, Prestressed.
December 1949 Journal.
AWWA C302-51T( ).Tentative Standard Specifications for Rein-
forced Concrete Water PipeNon Cylinder Type, not Prestressed.
October 1951 Journal.WATER WORKS OPERATORS' MANUAL 121
AWWA C500-39 (7F.1-1939).Standard Specifications for Gate Valves for
Ordinary Water Works Service.
March 1939 Journal.
AWWA C501-41T (7F.2-T-1941). Tentative Specifications for Sluice Gates.
October 1941 Journal.
AWWA C502-40 (7F,3-1940). Standard Specifications for Fire Hydrants for
Ordinary Water Works Service.
August 1940 Journal.
AWWA C502-40 (7F.3-1-1937).Specifications for Uniform Marking of Fire
Hydrants.
April 1937 Journal.
Meters and Services
AWWA C700-46 (7M.1-1946). Standard Specifications for Cold Water Meters
Displacement Type.
December 1941 Journal.
AWWA C701-47 (7M.2-1947). Standard Specifications for Cold Water Meters
Current Type.
April 1946 Journal.
AWWA C702-47 (7M.3-1947). Standard Specifications for Cold Water Meters
Compound Type.
April 1946 Journal.
AWWA C703-49 (7M.4-1949). Standard Specifications for Cold Water Meters
Fire Service Type.
February 1947.
AWWA C704-50 (7M.5-1950). Standard Specifications for Cold Water Meters
Current Type-Propeller Driven.
August 1949 Journal.
AVVWA C800-48 (7S-CR). Collected Standard Specifications for Service Line
Materials.
August 1948 Journal (not official specifications).
AWWA C800-48 (7T.1-1948). Standard Specifications for Threads for Under-
ground Service Line Fittings.
October 1947 Journal.
Chemicals
AWWA B200-49T (5W1.01-T-1949)
Sodium Chloride.
March 1950 Journal.
AWWA B400-49T (5W1.l0-T1950)
Ammonium Sulfate.
November 1950 Journal.
AWWA B401-50T (5W1.30-T-1950)
Bauxite.
July 1950 Journal.
AWWA B402-49T (5W1.31-T-l950)
Ferrous Sulfate.
October 1950 Journal.
AWWA B500-50T (SW1.60-T-1950)
Tn-Sodium Phosphate.
June 1950 Journal.
AWWA B701-50T (5W1.90-T-1950)
Sodium Fluoride.
September 1950 Journal.
Tentative Standard Specifications for
Tentative Standard Specifications for
Tentative Standard Specifications for
Tentative Standard Specifications for
Tentative Standard Specifications for
Tentative Standard Specifications for122 ENGINEERING EXPERIMENT STATION CIRCULAR 16
AWWA B201-51T ( ).Tentative Standard Specifications for Soda Ash.
February 1952 Journal.
AWWA B501-51T. Tentative Standard Specifications for Caustic Soda.
February 1951 Journal.
AWWA B600-49T. Tentative Standard Specifications for Powdered Activated
Carbon.
February 1951 Journal.
Other Specifications
AWWA A100-48 (4A.1-1946).Standard Specifications for Deep Wells.
September 1945 Journal.
AWWA B100-50 (5C-1950). Standard Specifications for Filtering Material.
March 1949 Journal.
AWWA D100-48 (7H.1-1948).Standard Specifications for Elevated Steel
Water Tanks, Standpipes, and Reservoirs.
April 1949 Journal.
AWWA D101-49T (7H.2-T-1949). Tentative Recommended Practice for In-
specting, Repairing, and Repainting Elevated Steel Water Storage Tanks,
Standpipes, and Reservoirs.
October 1948 Journal.
Committee Reports and Recommended Practices.
SB.3-1939.Report on Chemical Hazards in Water Works PlantsSulfur
Dioxide and Caustic Soda.
March 1939 Journal.
7G.1-1940. Recommended Practice for Distribution System Records.
February 1940 Journal.
AWWA B250-51 (5Z-T-1948). Tentative Manual of Cation Exchanger Test
Procedures.
May 1949 Journal.
Grounding of Electric Circuits on Water Pipes.
December 1945 Journal. (AWWA Policy).
The Fluoridation of Public Water Supplies.
July 1949 Journal (AWWA Policy).OREGON STATE BOARD OF HEALTH STANDARDS
FOR SAFE PRACTICE IN THE PRODUCTIONAND
DELIVERY OF WATER FOR DOMESTIC USE
Section 1.General Statement
(a) These standards set forth minimum requirements for safe
practice in the production and delivery of water for domestic use.
They are to be interpreted as meeting only the minimum require-
ments of design, construction, maintenance, andoperation of water
utility systems.
(b) For the purpose of these minimum requirements the use
of the word shall indicates a mandatory requirement and the useof
the wordshouldindicates a recommendation for good water works
practices.
Section 2.Intent and Purpose
(a) INTENT:it is the intent of these standards to safeguard
(lomestic water consumers from injury resulting from sanitary
hazards or structural hazards, or both, which may arise from in-
adequacies in the design, construction, maintenance, and operation
of water utility systems.
(b) SANITARY HAZARDS are inadequacies, actual or potential,
which might permit the entrance of pollution, contamination, orin-
fection in the water, thereby impairing water quality or rendering
it injurious to public health.
(c) STRUCTURAL HAZARDS are inadequacies which actually or
potentially impair the physical structure of the water system and
which are of a nature that might create sanitary hazards. Structural
hazards may be due to structural weaknesses, improper design, poor
workmanship, improper operation or inadequate maintenance, or an
insufficient quantity of water.
(d) PuRposE: Itis the purpose of these minimum require-
ments to outline standards of design, construction,maintenance, and
operation of domestic water systems which will provide protection
of the public health.
Section 3.Water System
(a)TIlEWATER SYSTEM shall be considered as made up of two
parts: namely, the utility system and the customer system.
(b) TIlE U'FJLITYSYSTEM,consisting of the source facilities and
the distribution system, shall include all those facilities of the water124 ENGINEERING EXPERIMENT STATION CIRCULAR 16
system under the complete control of the utility, up to the point
where the customer's system begins.
(c) THE SOURCE shall include all components of the facilities
utilized in the production, treatment, storage, and delivery of water
to the distribution system.
(d) THE DISTRIBUTION SYSTEM shall include the network of
conduits used for the delivery of water from the source to thecus-
tomer's system. Transportation facilities as defined in Section 5.32
which are used for direct supply to a customer's system enroute shall
be subject to the requirements applicable to a distribution system.
(e)THE CUSTOMER SYSTEM shall include those parts of the
facilities beyond the termination of the utility distribution system
which are utilized in conveying utility-delivered domestic water to
points of use.Ordinarily, the utility has no direct control over the
design, construction, maintenance or operation of these facilities.
The customer system should be open for inspection at all reasonable
times to authorized representatives of the utility to determine whether
cross-connections or other structural or sanitary hazards exist. When
such a condition becomes known, the utility shall immediately dis-
continue service to the premises by a physical break in the service
until the customer has corrected the condition in conformance with
the standards and state statutes.
Section 4.Quality of Water
The quality of water supplied for human consumption shallcon-
form to the following standards:
(a) Of all the standard ten milliliter (10 ml) portions examined
per month in accordance with the specified procedure, not more than
ten per cent shall show the presence of organisms of the coliform
group.
Occasionally three or more of the five equal ten milliliter por-
tions constituting a single standard sample may show the presence of
organisms of the coliform group, provided that this shall not be allow-
able if it occurs in consecutive samples or in more than:
(1) Five per cent of the standard samples when 20 or more
samples have been examined per month.
(2) One standard sample when less than 20 samples have been
examined per month.
Provided further that, when three or more of the five equal ten
milliliter portions constituting a single standard sample show the pres-
ence of organisms of the coliform group, daily samples from the sameWATER WORKS OPERATORS' MANUAL 125
sampling point shall be collected promptly and examined until the re-
sults obtained from at least two consecutive samples show the water
to be of satisfactory quality.
(b) PHYSICAL CIIARAcTETU sTies: The turbidity of the water
shall not exceed 10 ppm (silica scale), nor shall the color exceed
20 (platinum-cobalt scale). The water shall have no objectionable
taste or odor.
(c)C1IerIcALCHARACTERISTICS: The water shall not contain
an excessive amount of soluble mineral substance, nor excessive
amounts of any chemicals employed in treatment.
(1) The presence of lead (Pb) in excess of 0.1 ppm, of fluor-
ide in excess of 1.5 ppm, of arsenic in excess of 0.05 ppm, of
selenium in excess of 0.05 ppm, of hexavalent chromium in ex-
cess of 0.05 ppm, shall constitute grounds for rejection of the
supply.
The salts of barium, hexavalent chromium, heavy metal gluco-
sides, or other substances with deleterious physiological effects shall
not be added to the system for water treatment purposes.
(2) The following chemical substances which may be present in
natural or treated waters should preferably not occur in excess
of the following concentrations where other more suitable sup-
plies are available in the judgment of the certifying authority.
Copper (Cu) should not exceed 3.0 ppm.
Iron (Fe) and manganese (Mn) together should not exceed
0.3 PPI1l
Magnesium (Mg) should not exceed 125 ppm
Zinc (Zn) should not exceed 15 ppm
Chloride (Cl) should not exceed 250 ppm
Sulfate (SO4) should not exceed 250 ppm
Phenolic compounds should not exceed 0.001 ppm in terms
of phenol.
Total solids should not exceed 500 ppm for a water of good
chemical quality. However, if such water is not available, a total
solids content of 1,000 ppm may be permitted.
For cheniically treated waters, i.e., lime softened, zeolite or other
ion exchange treated waters, or any other chemical treatments, the
following three requirements should be met:
(1) The phenolphthaleinalkalinity(calculatedasCaCO3)
should not be greater than 15 ppm plus 0.4 times the total alka-
linitv. This requirement limits the permissible pH to about 10.6
at 25°C.126 ENGINEERING EXPERIMENT STATION CIRCULAR 16
(2) The normal carbonate alkalinity should not exceed 120
ppm. Because the normal alkalinity is a function of the hydrogen
ion concentration and the total alkalinity, this requirement may
be met by keeping the total alkalinity within the limits sug-
gested below when the pH of the water is within the range
given.These values apply to water at 25°C.
pH range
8.Qto9.6 .......................
9.7.................................
9.8.................................
9.9.................................
10.0...............................
10.1...............................
10.2...............................
10.3...............................
10.4...............................
10.5 to 10.6 ...................
Limit for total alkalinity
(ppm as CaCO,)
400
340
300
260
230
210
190
180
170
160
(3) If excess alkalinityis produced by chemical treatment,
the total alkalinity should not exceed the hardness by more than
35 ppm (calculated as CaCO).
Section 5.Design and Construction
All existing facilities should comply with the provisions of this
section, and all new facilities shall comply with said provisions.
(a) DESIGN PRINCIPLES: All facilities of the utility system shall
be designed and constructed to withstand, with ample safety factors,
the physical stresses to which they will be subjected and shall be free
from structural or sanitary hazards. All equipment shall be of ade-
quate size and capacity and be correlated with available supply from
storage to meet the requirements of Section 5.2. Wherever feasible,
the units of source facilities shall be of such capacity that an outage of
any individual unit during a period of peak (lemand will not result
in reduction of supply in the distribution system below the require-
ments of Section Sb.
(b) QUANTITY: The quantity of water delivered to the distri-
bution system from all source facilities should be sufficient to supply
adequately, dependably, and safely the total water requirements of
all consumers under maximum consumption.
(1) The combined capacities of all source facilities at periods of
maximum demand should support a rate of flow to the distri-
bution system for two hours of not less than Q = 100 + FVNWATER WORKS OPERATORS' MANUAL 127
for 625 customer units or less and Q = 100 + N for more than
625 customer units. (As here used) Q equals the rate of flow in
gallons per minute delivered from the combined source facilities
to the distribution system ; F is a factor equaling 25, unless a
lesser factor is approved by the State Board of Health for the
individual water supply system; and N equals the total number
of customer units where each unit is equivalent to one for a
single-family dwelling on a normal city lot. Other types of (IC-
velopment shall be assigned appropriate ctistomer unit value as
experience within the (liStribUtiOn system or locality indicates.
(c) SOURCE :For the purpose of these minimum requirements,
the source shall be considered as made up of the source facilities, the
transportation facilities, and all appurtenances thereto.
(1) Source facilities are those developed to provide means of
obtaining water from natural sources.
a) Stream diversionc'orks shall have suitable appurtenan-
ces to guard against entry into the water system of foreign
material and shall have cleaning or sluicing facilities. The
diversion works shall be protected against trespassers. The
stream system should be protected against uncontrolled rec-
reational use and against pollution from domestic, industrial,
or other harmful types of waste. Provision shallbe made,
where necessary, for the installation of facilities for disin-
fection or other treatment of water. The quantity of water
available for use shall be considered as the minimum flow of
the stream available for diversion (luring the driest year of
record.
bReservoirs for impounding surface runoff (and for)
long-term carry-over storage, and those formed by stream
or river control dams should have provision forprotection
against uncontrolled recreational use, marginal vegetation,
algae growths, and animal pollution. Disinfection facilities
and means for withdrawal of water from Va OUS levels in
the reservoir should be provided.l'he quantity of water
available for use shall be considered as the safe yield of the
reservoir.
c) Infiltration galleries and .cprinqs shall have strongly con-
structed appurtenances to guard against collapse or failure
and shall have protective features to prevent entry of for-
eign matter into the system. Facilities for the installation of
equipment to (liSinfect the water shall be provided. The
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minimum quantity developed during the driest year of
record.
d) Wells shall be constructed to prevent, insofar as pos
sible, contamination from any source. If a well casing, as
set, is perforated at such levels that contaminated water may
enter, adequate repairs shall be made before water from the
well is used. Where impervious formations or sealing clay
strata are not encountered that will prevent contaminated
water from entering the well, provision shall be made for
the installation of disinfection equipment. The productive
capacity of the well shall be determined from tests taken at
the lowest recorded static water level.
e) Water Treatment: Water which is not obtained from a
natural source free from pollution shall not be delivered f or
domestic use unlessitis adequately purified by natural
agencies or adequately disinfected by artificial treatment to
insure compliance with Section 4 of these standards.
(2) Transportation facilities consist of the equipment and ap-
purtenances which provide means of delivering water to the dis-
tribution system from the source facilities.
a) Storage: Reservoirs and tanks from which the water is
delivered directly into the mains of the distribution system,
where not adequately protected against pollution or com-
pletely covered, shall have facilities for the installation of
equipment to disinfect the water.
b) Pumping equipment delivering water to the distribu-
tion system, in conjunction with the storage facilities, shall
be so designed as to meet the requirements of Section 5b.
Each pumping unit should be driven by a separate power
unit of adequate size.Construction shall be such as to
prevent sanitary hazards or structural defects whether the
pumping unit is handling raw or treated water.
(3) Piping: All piping in the source facilities shall be of ade-
quate size to carry the required quantities of water with reason-
able velocities. No pipe conveying contaminated water prior to
treatment shall be connected to pipe carrying potable water.
(4) Meters: A master meter or other suitable measuring device
shall be provided for each new source facility and should be
provided for each existing source facility to register accurately
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(5)Materials: All materials, pipe, valves, fittings, and other ap-
purtenances used in source facilities shall be of such strength
and durability as to be free of structural hazards.
(6) Construction Methods:All work shall be performed by
competent workmen experienced in the trade involved.Such
work shall be done in a manner to avoid imperfections which
might impair the stability of the physical structure.All work
and equipment shall comply with applicable codes.Installation
shall be made by or under the direction of qualified personnel.
(7) Housing. Housing for all equipment, appurtenances, and
other facilities shall provide adequate ventilation and protection
against unauthorized entry. Ample space for the performance
of all operating, maintenance, and repair functions shall be
provided.
(d) 1)Isl'RlBuTIoxSYSTEM
(1) The distribution system should be of adequate size and
so designed in conjunction with related facilities to maintain
a maximum pressure of 20 psi at every point(luring periods of
maximum normal demand.
a) The maximum length of run of each size of pipe
should conform to existing requirements of the proper local
authority but, in the absence of such locally promulgated
requirements, in no case should the maximum run of pipe
be greater than that shown in Table 1.
Table I
Maximtni Length of Run
Diameter Length
in. ft
Unreinforced*
Under 2 none
2 300
3 300
4 1,300
6 2,600
Reinforced
Under 2 none
2 600
3 600
Dead ends
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(2) Water quality deterioration: Dead-end runs shall be pro-
vided with means of flushing to prevent deterioration of water
quality. Completion of the normal grid system is assumed to be
in the program of development.
(3) Materials used in the distribution system shall be able to
withstand, with ample safety factors, all internal and external
forces to which they may be subjected. All materials shall con-
form to the specifications of the AWWA.
a) Gate valves shall conform to AWWA Standard Speci-
fications for Gate Valves for Ordinary Water Works Ser-
vice 7F.1-1939).
b) Service pipe and fittings shall be designed for cold-water
working pressures of not less than 150 psi. Pipe from the
distribution line to the customer connection shall be of cast
iron, copper, galvanized steel, or other approved corrosion
resistant materials.
c) Fire hydrants shall conform to existing requirements of
the proper local authority, and there shall be no unauthor-
ized use thereof.
d) Pipe joints of all types shall safely withstand the same
working pressures for which the pipe is designed. Where
backup gaskets are required, rubber, asbestos, or other ap-
proved material should be used, but in no case shall backup
materials be used without adequate disinfection.
(4) Construction: The main-line pipe shall be installed below
the known frost line but in no case shall there be less than a
30-inch cover over the top of the pipe unless such pipe in private
rights-of-way is constructed on trestles or bridges or in tunnels
or is of other special construction and is installed under the
direction of an engineer properly qualified to practice in the
field of engineering involved. All pipe and other conduits in the
distribution system shall be designed and constructed so as to
prevent leakage of water due to defective materials, improper
jointing, corrosion, impact, freezing, or other causes. It is rec-
ommended that water pipes be laid as far as possible from, and
at a higher level than, sanitary sewers, but in no case shall they
be laid in the same trench. All pipe or conduits before being
placed in service shall be completely clisinfected. The Procedure
for Disinfecting Water Mains (7D.2-1947) adopted by the
AWWA is recommended.WATERWORKSOPERATORS' MANUAL 131
Section 6.Operation and Maintenance
(a) P!usoNNEL
(1) Traininq and Experience: All personnel responsible for
operation and maintenance shall have sufficient experience and
training to qualify them to perform properly the (lUties required.
They shall be fully aware of the function of the particular
facilities for which they are responsible. Water treatment plant
operators should hold an appropriate certificate of qualification.
Superintendents, foremen, chief operators, or others having
jurisdiction over other employees shall have sufficient training
and experience to enable them to instruct and train properly
employees under their supervision and should hold an appro-
priate certificate of qualification.
(2) Specially designated personnel shall be available for call
(luring nights, Sundays, and holidays to meet emergencies.
(b)MAPSAND RECORDS
(1) Maps: Complete and up-to-date maps of the utility system,
(Irawn to adequate scale, shall be maintained. They shall show
locations of pipelines, gate valves, fire hydrants, and service
connections and shall include notations as to size and kind of
pipe. Engineering drawings shall be kept of all facilities, show-
ing in detail piping, pumps, motors, appurtenances, electrical
wiring, and structures.
(2) Records: Complete and up-to-date records shall be kept
showing results of bacteriological and chemical analyses of
water, quantities of water produced and delivered, and such other
data as may be necessary or required by law.
(c) MATN'rINANci:
(1) Facilities and equipment of the utility shall be kept clean
and orderly and in good working condition. Grounds should be
maintained in an attractive condition.
(2) Leaks shall be repaired as soon as practicable.
(3) Mobile equipment, proper tools, repair parts, and disinfect-
ing equipment shall be available in good condition for all types
of emergency repairs.OREGON STATE COLLEGE
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